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FOREWORD 


The Spacelab Level. IV Programmatic-Implementation Assessment Study was conducted 
to assess the Level IV payload integration requirements. In the study, alternate Level |.V 
integration approaches were synthesized and evaluated to establish the most cost-effective 
experiment integration approach. Resource requirements or cost factors that were included 
in the assessment pertained to the "hands-on" activities of ground processing. These require- 
ments included manpower, temporary duty subsistence and air fare, flight hardware and Ground 
Support Equipment (GSE) transportation costs, and prorated flight hardware and GSE use costs 
based upon the involvement time of these items for each mission. Programmatic inventories of 
flight hardware and GSE were developed using representative payloads. These payloads were 
defined to a level of detail that permitted a detailed assessment of the handling, installa- 
tion, servicing and checkout requirements of the experiment end items. Spacelab flight 
hardware and GSE support and interface requirements were identified. Buildup schedules 
for the inventories were formulated. Alternate ground processing concepts were synthe- 
sized and the processing of- each of the representative payload through these concepts was 
evaluated. Cost data for each processing option was developed for each payload. The 
spectrum of experiments and payloads used in the study facilitated the identification of 
design characteristics to identify the ground processing activities. Guidelines were iden- 
tified to assist experimenters in the development of payload designs that will permit cost- 
effective ground processing. 

The results of the Spacelab Level IV Programmatic Implementation Assessment Study 
effort are presented in four volumes: 

VOLUME I REPRESENTATIVE PAYLOAD DEFINITION SD 78-SR-0009-1 - 


VOLUME II GROUND PROCESSING REQUIREMENTS SD 78-SR-0009-2 


VOLUME III OPTIMIZATION AND PROGRAMMATICS SD 78-SR-0009-3 


VOLUME IV EXECUTIVE SUMMARY SD 78-SR-0009-4 
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1.0 INTRODUCTION 


In order to provide a broad spectrum of Level IV integration ground processing re- 
quirements, four types of Spacelab payloads were analyzed in this study. These payloads 
are considered to be representative of the Spacelab traffic model. The. payloads analyzed 
were: 


1. Space Processing. • 


2. Combined Astronomy. 


3. Life Sciences. 


4. Advanced Technology 
Laboratory 


A single pallet payload that is representative 
of materials development and industrial appli- 
cations activities, which would be part of a 
mixed cargo Orbiter flight. 

A five pallet payload that is representative 
of astrophysics, solar terrestrial, and astron- 
omy investigations. 

A long module payload that is representative 
of aerospace bioscience and physiological 
investigations. 

A short module plus pallet train payload that 
is representative of multi-disciplined tech- 
nological investigations. 


Experiments and configurations for these types c? payloads were defined to various 
level of detail in previous NASA and contractor studies. In this study, these data -were 
expanded and integrated into representative payloads to a depth that would permit assess- 
ment of ground processing activities. 

A detailed description of Level IV Ground Processing Requirements for each of the 
four representative payloads is presented in the following sections. Three general ground 
processing concepts used to identify these ground processing requirements are: (1) distrib- 
uted site (Concept A), (2) paylodd lead center (concept B), and (3) KSC (concept C). In 
the case of distributed sites, experiment-to-Spacelab elements will be independently inte- 
grated at geographically separated sites with requirements for multiple sites of checkout, 
servicing, and handling GSE, At a lead center (centralized site), individual experiment- 
to-Spacelab element integration will be accomplished with sharing of personnel and GSE 
end items. In the case of KSC concept, shipment of individual experiments will be made 
to KSC for serial and/or combined installation, integration, and checkout of experiments 
and Spacelab elements. 

A detailed description of the experiments for each of the four payloads is presented 
in the Appendices under separate cover. 


1-1 



Rockwell International 

Space Division 


1.0 INTRODUCTION 


In order to provide a broad spectrum of Level IV .integration ground processing re- 
quirements, four types of Spacelab payloads were analyzed in this study. These payloads 
are considered to be representative of the Spacelab traffic model. The payloads analyzed 
were: 


1. Space Processing. 


2. Combined Astronomy. 


3. Life Sciences. 


4. Advanced Technology 
Laboratory 


A single pallet payload that is ‘representative 
of materials development and industrial appli- 
cations activities, which would be part of a 
mixed cargo Orbiter flight. 

A five pallet payload that is representative 
of astrophysics, solar terrestrial, and astron- 
omy investigations. 

A long module payload that is representative 
of aerospace bioscience and physiological 
investigations. 

A short module plus pallet train payload that 
is representative of multi-discipiined tech- 
nological investigations. 


Experiments and Configurations for these types of payloads were defined to various 
level of detail in previous NASA and contractor studies. In this study, these data were 
expanded and integrated into representative payloads to a depth that would permit assess- 
ment of ground processing activities. 

A detailed description of Level IV Ground Processing Requirements for each of the 
four representative payloads is presented in the following sections. Three general ground 
processing concepts used to identify these ground processing requirements are: (1) distrib- 
uted site (Concept A), (2) paylodd lead center (concept B), and (3) KSC (concept C). In 
the case of distributed sites, experiment-to-Spacelab elements will be independently inte- 
grated at geographically separated sites with requirements for multiple sites of checkout, 
servicing, and handling GSE. At a lead center (centralized site), individual experiment- 
to-Spacelab element integration will be accomplished with sharing of personnel and GSE 
end items. In the case of KSC concept, shipment of individual experiments will be made 
to KSC for serial and/or combined installation, integration, and checkout of experiments 
and Spacelab elements, 

A detailed description of the experiments for each of the four payloads is presented 
in the Appendices under separate cover. 


1-1 


SD 78-SR -0009-2 



2. 0 ALTERNATE GROUND PROCESSING OPTIONS 


2 o 0 ALTERNATE GROUND PROCESSING 
OPTIONS 



Rockwell International 

Space Division 


2.0 ALTERNATE GROUND PROCESSING OPTIONS 

Originally, three Level IV integration ground processing concepts were considered; 
distributed site, centralized site, and launch sites. The distributed site concept reflected 
multiple level IV integration activities for a single Spacelab payload at geographically 
separated locations. The centralized site concept required all experiment equipment and 
Spacelab mounting/interfacing hardware fora payload at one geographical location. The 
third concept required all experiment hardware at the launch site, KSC. 

All three concepts reflected the same level of assembly and checkout prior to init- 
iation of level Ill/ll integration activities at KSC. Preliminary assessment of the data being 
developed for each payload for each concept indicated only minor differences, which could 
be attributed primarily to variations in transportation requirements. In an attempt to pro- 
vide a broader spectrum of data, Rockwell expanded, the number of options within each con- 
cept to be considered. The expansion within the three baseline or generic concepts was based 
upon variations in the experiment/payload integration. 

DISTRIBUTED SITE OPTIONS 

The principle characteristic of distributed site options is the independent buildup 
and checkout of Spacelab mounting elements at multiple geographical locations. For 
example, an experiment system could be installed and checked out in one rack at a site, 
while other experiment systems were being installed and checked out independently in other 
rocks at other sites. Multiple sets of checkout equipment are also characteristic of this 
generic concept. 

The variations within the generic distributed site concept pertain to the level of 
payload assembly and checkout activities prior to initiation of level lll/II integration 
activities of the KSC-STS operations. One option (designated A-l) reflects rack/floor 
anchor pallet train assembly in the STS operations. Also, in the A-l option, the initial 
checkout of the integrated payload is accomplished after rack/floor installation into the 
module, interconnection of the habitable module and pallet(s), and/or installation of the 
igloo on the lead pallet and interconnection of pallets. 

A functional flow diagram for this option is presented in Figure 2-1. A brief des- 
cription of the activities conducted in each block is presented in Table 2-1. The missing 
number will be subsequently assigned and the activities identified in subsequent option 
definitions. 
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Table -2 -1 . 


Individual Experiment - Ill/ll Assembly Functional Descriptions 


Functional 

Block Title 

1 Prepare Experiment 
Equipment 

2 Prepare Spacelab 
Equipment 


5 Individual Experiment 

Rack/Pallet 
Installation 


6 Individual Experiment 

Interface Verification 


10 KSC Assembly 

Racks/Floors/Pal lets 


Descriptor 

Receiving and inspection of experiment equip- 
ment at the level IV site. Preparation for 
move/transfer to the level IV integration area 

Reconfiguration of Spacelab flight hardware 
to specific configuration and complement of 
interfacing Spacelab elements required for 
next payload. Conducted at KSC as part of 
staging operation. Includes installation of 
RAU's, l/C's, EPSP/EPDB's, Cold plates,, etc. 

Installation of intra-rack/pallet cable/fluid 
lines, mounting of experiment hardware in 
racks, on floor segments, and on pallet seg- 
ments. Multiple independent assembly activ- 
ities conducted as a function of viable sub- 
division of Spacelab mounting elements and 
experiment systems for an individual payload, 
(e.g. single rack, rack set, rack/floor seg- 
ment, rack/pallet, pallet segment, etc.). 

Functional checkout of interfaces established 
in block 6. Includes electrical and fluid 
interconnections. Conducted on individual 
experiment system basis. Interfaces may or 
may not be maintained in subsequent trans- 
fers and buildups. Includes intra-rack/ 
pallet connections and interfaces between 
experiment hardware and Spacelab inter- 
facing elements such as RAU's, EPSP/EPDB's, 
l/C, etc. 

Assembly of subdivided Spacelab mounting 
eiement/experiment system (see block 5 des- 
cription) into payload flight configuration. 
Includes rack/floor assembly into a short 
module/long module configuration and mating 
of pallet segments into pallet trains. Part of 
KSC-STS-O&C building operations and re- 
ferred to as level III assembly activity. 
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Individual Experiment - Level Ill/ll Assembly Functional Descriptions (Cont'd) 


Title 


Descriptor 


KSC Assembly With 
Electrical/Environmental 
System and Command/ 
Control System 


KSC-STS operations which include installa- 
tion of rack/floor sites in modules, inter- 
connection of Spacelab and experiment sys- 
tem, installation of end core, pallet and/or 
pallet train interconnections, and installa- 
tion of Igloo (as applicable). 


KSC Spacelab 
Integrated Functional 
Checkout 


Functional verification of all electrical and 
fluid interfaces established in blocks 10 and/ 
or 11. Includes: Spacelab subsystem, Space- 
lab/experiment and intra-experiment con- 
nections; data/command transfer interfaces; 
CDMS/experiment software; and loading/ 
stowage of loose experiment equipment. 


Level I/Pre-Launch 
Integration 


Mission Operations 


OPF and Pad operations. Includes:, instal- 
lation of Spacelab/payload into Orbiter bay 
and dedicated payload control and display 
panels in Orbiter Aft -Flight-Deck (AFD); 
functional verification of all electrical and 
fluid interfaces established during installa- 
tion; servicing/top-off of payload fluids/ 
consumable; and loading of specimens. 

Reference period of seven calendar days to 
be used in determination of flight hardware 
involvement times. 


Post-Flight 

Operations 


Safing of experiment system and off-loading 
of critical samples, specimens, data prior to 
O&C building operations. 


Spacelab Removal of rack/floor sets from modules. 

De-integration disassembly of pallet/pallet trains, removal 

of experiment hardware from Spacelab 
mounting elements. 
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• The second distributed site option (A-2) reflects combined payload checkout at K5C 
after independent/individual' experiment/mounting element integration at multiple dis- 
tributed sites but prior to entering STS operations in the O&C building. For purposes of 
this study, it was assumed that the off-line combined payload checkout activity at KSC 
would occur in an industrial complex facility. This option is also characterized by the 
by-passing of the level III assembly activity in the O&C building. For example, inde- 
pendently integrated pallets or pallet trains (pallet-only payload) would be interconnected 
and checked out at the payload level in the off-line activity, disconnected, and then 
transported directly to the level II stand in the O&C building. 

The third distributed site option (A-3) also includes off-line checkout at the pay- 
load level at KSC. However, in this option, level III assembly in the O&C building is 
required. For example, rack/rack sets from multiple distributed sites would be inter- 
connected and checked out in the off-line activity, disconnected and transported to the 
O&C building, and then .integrated with floor segments in the level III assembly stand. 

A functional flow diagram for the A-2 and A-3 options is presented in Figure 2-2. 
The delta activities for these options are reflected in functional blocks 7, 8 and 9. All 
other functional blocks are essentially the same as described in Table 2 -1. Activities 
in blocks 7, 8, and 9 are summarized in Table 2 -2. The destination from block 9 is 
dependent upon the* configuration of the payload upon arrival at the O&C building. If 
the payload is in the flight configuration, the flow by-passes block 10 (Option A-2). If 
level III assembly is required, block 10 is included in the processing flow (Option A-3). 

Table 2-2. Delta Activities for Individual Experiment Integration - 

Pre lll/ll Combined Checkout 

Descriptor 

Assembly and/or interconnection of individ- 
ually integrated Spacelab mounting element/ 
experiment systems into a simulated flight 
configuration. 

Functional verification of multiple experi- 
ment/simulated Spacelab system interfaces, 
includes: command/data transfer; power/ 
cooling compatibility; and CDMS/experiment 
software. 

Dependent upon payload buildup approach 
and location of combined payload checkout. 
If payload is in flight configuration at KSC 
only preparation for transfer to O&C building 
is required. If transportation width is a 


Functional 

Block 


Title 


Interim Payload 
Interconnect 


Combined Payload 
Checkout 


Disassembly for 
Shipment 
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Figure 2-2, Individual Experiment Integration - Pre-Level Ill/ll Combined Checkout 
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Table 2-2, Delta Activities for Individual Experiment Integration - 
Pre 1 1 I/I i Combined Checkout (Cont'd) 

Functional 

Block Title Descriptor 

9 (Cont.) constraint ( >12 feet) disassembly of long 

module rack/floor and pallet trains is re- 
quired. If configuration is only simulated 
flight configuration individually integrated 
Spacelab mounting elements must be pre- 
pared for shipment. 

LEAD CENTER OPTIONS 

The generic lead center concept is characterized by the performance of all pre-O&C 
building integration activities at one geographical location other than KSC. The options 
within this concept reflect variations in both the level of and approach to assembly and 
checkout. 

i 

The first three lead center options are similar to the distributed site options. Although 
experiment system/mountrng element integrations are conducted on an individual basis, the 
activities are scheduled to maximize the common usage/sharing of GSE. The first option 
(B-l) would result in the integration of individual mounting element at a lead center. Sub- 
sequently, these elements would be transferred to KSC for assembly into the flight config- 
uration of the payload in the O&C building. Option B-l is comparable to option A-l . 

Options B-2 and B-3 are comparable to options A-2 and A-3 with regards to pre- 
KSC/STS assembly and checkout status. However, the combined payload checkout activ- 
ity would be conducted at the lead center rather than in an off-line facility at KSC. Ex- 
cept for the location(s) of this activity the functional blocks in Figure 2 -1 and -2 for 
options A-l, A-2, and A-3 are the same for B-l, B-2, and B-3, respectively. 

If level IV integration is conducted at one geographical location installation of the 
full complement of experiment equipment and/or Spacelab mounting elements prior to 
checkout is feasible. Option B-4 reflects this possibility. For example, an entire rack/ 
floor set would be available atthe level IV site. Intra- and inter-rack and floor cabling 
would be installed. Experiment equipment would be installed in/on the racks and floor 
segments. Individual experiment systems would be checked out followed by a combined 
payload checkout. The totally assembled and integrated payload would then be trans- 
ported directly to the level II stand in the O&C building. 

In. order to assess the impact on ground processing of a potential road transportation 
constraint, a fifth lead center option (B— 5) was introduced. Repetitive road transporta- 
tion through some states may be restricted to a maximum width of twelve feet. This con- 
straint can be met if only single pallet and/or single module rack/floor sets are transported. 
Thus, for the B-5 option, payload assembly and preparation for shipment activities in the 
B-4 option were revised to reflect the temporary interconnection of pallet trains and long 
module rack and floor sets. Also, the level III assembly activity in the O&C building was 
included in the KSC-STS operations. 
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The top level functional flow for the B-4 and B-5 options is presented in Figure 
2 -3. Only functional blocks 3 (Experiment Installation and Payload Assembly) and 
4 (Experiment Interface Verifications) are deltas. to the -flow presented in Figure 2 -"1. 
Block 3 encompasses the installation of experiment equipment in flight configured rack/ 
floor sets and/or pallet trains. Block 4 includes the sequential and progressive verifica- 
tion of individual experiment systems. The activities within blocks 8, 9, and 10 are 
similar to those of the previously discussed options, but reflect the integrated payload 
configuration of options B-4 and B-5. 

KSC OPTIONS 

In general, the KSC options are a special application of the lead center options. 

All experiment equipment and Spacelab mounting elements are integrated at one geo- 
graphical location, KSC, For purposes of this study, it was assumed that all the level 
IV integration activities at KSC would be conducted in a facility in the industrial com- 
plex. The one disparity between the lead center options and the KSC options is that 
there is no KSC option comparable to B-5. A twelve-foot width constraint during trans- 
poration of an integrated payload from the industrial complex to the O&C building at 
KSC is not applicable. 

SUMMARY OF GROUND PROCESSING OPTIONS 

A composite of the functional flows for the processing options is presented in Figure 
2 -4. A matrix of the twelve options for the three generic concepts and the applicable 
functional blocks is presented in Figure 2 -5. As stated previously, the first three op- 
tions for each generic concept encompass the same functional blocks (activities). Options 
B-4 and C-4 are comparable; Option B-5 is unique to the lead center concept. 

The predominant discriminators between options are as follows: 

1. Level of pre-KSC/STS integration: Inclusion/exclusion of Combined Payload 
Checkout - Block 8. 

2. Approach to experiment installation: Individual experiment versus payload 
buildup - blocks 5 and 6 versus blocks 3 and 4. 

3. Level III assembly at KSC: Inclusion/exclusion of payload flight config- 

uration buildup at KSC - block 10. 

Variations/fcombinations of A, B, and C options for the ground processing of a pay- 
load were briefly examined. Some combinations or hybrids are feasible and quite reason- 
able. For example, part of a payload might be integrated at a distributed site (A type 
option) and then combined with the remainder of a payload at a lead center (B type option) 
prior to transfer to KSC. The assessment of these types of hybrid options would not sig- 
nificantly expand the spectrum of data of the basic twelve opt ions .because the costs of the 
payload segments processed at two different sites would bear the same relationship as the 
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total cost of the payload processed by the same processing site. These hybrid options could 
therefore be constructed from elements that are in existing data. Also, the twelve options 
could be extrapolated to various hybrids if other factors indicated the. desireabilify of a 
•hybrid ground processing approach for an individual payload. 

QUALITATIVE ASSESSMENT OF OPTIONS 

In subsequent sections of this report, specific ground processing resource requirements 
will be developed for each of the applicable options for each representative payload. In- 
cluded in these resources will be manpower, travel, GSE, flight hardware, and transpor- 
tation/shipment costs. In addition to these factors, a relative comparison of the staffing, 
facility, GSE, operations, and management aspects of the alternate Level IV integration 
approaches was made (Table 2-3). Although aerospace firms and' NASA centers are po- 
tential distributed site candidates, the evaluations for this approach are more indicative 
of industrial/commercial firms and university/science centers. Lead center evaluations 
assume either a major NASA aerospace center or a major aerospace contractor. Avail- 
ability of appropriate facilities at KSC is assumed in the KSC evaluations. 

These subjective evaluations indicate the following trends: 

1. Distributed site options are the most advantageous for experimenters 
but probably the. most complex for the Spacelab program. 

2. Maximum use/minimum logistics of Spacelab equipment can be achieved 
with the KSC options, but experimenter logistics are maximum. 

3. Lead center- options provide a reasonable focal point/compromise between 
experiment and Spacelab program considerations. 

4. Pre-KSC-STS operations will reduce the probability of incompatibilities 
between experiments and Spacelab and thus the potential for schedule 
impact on STS operations. However, the potential for damage/misuse 

of Spacelab equipment increases, and nominal flight and GSE hardware 
involvement times per mission increase. 
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Ground Processing Concepts 


_ead Center 


Limited extension of ex- 
periment development 
personnel. Potential for 
cadre of aerospace tech- 
nician personnel - depen- 
dent upon flight rate. 


Min imum experiment ori- 
ented personnel. Maxi- 
mum potential for cadre 
of aerospace personnel. 


Nominal scientific, ex- Minimal scientific, ex- 
cellent aerospace, po- cel lent aerospace and 
tentially excellent Space- Spacelab. 
lab skil Is-dependent upon 
flight rate. 


Nominal - assumes some 
experiments are spon- 
sored by lead center. 

Maximum - probably all 
experiment oriented per- 
sonnel will be on TDY. 

Minor scientific. Poten- 
tially minimum aerospace 
and Spacelab oriented per 
sonnel duplication - de- 
pendent upon flight rate. 

Assumed scientific per- 
sonnel TDY. Minimal 
aerospace and poten- 
tially negligible Space- 
lab personnel if S/L inr 
tegration and/or staging 
personnel can also sup- 
port level IV integration 
activities. 
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Processing Concepts (Cont'd) 


Lead Center 


Nominal experiment and 
special purpose GSE. 
Potential for adequate 
on-site Spacelab GSE- 
dependent upon flight 
rate and assignment of 
dedicated GSE. 


Limited experiment GSE, 
Maximum spectrum of 
Spacelab GSE. KSC 
assumed to be depot for 
Spacelab oriented GSE. 


One set of level IV GSE. Minimum inventory be- 
Could be dedicated - cause of proximity of GSE 
dependent upon flight depot and potential for 
rate. sharing numerous items. 


Nominal experiment. 

, Could be minor/negli- 
gible Spacelab GSE 
logistics if flight rate 
supports dedication. 

Maximum for experiment 
related logistics but min- 
imum/simplest for Space- 
lab GSE. 

Assumed relatively 
broad spectrum of sci- 
entific instrumentation 
capability plus partial 
payload sponsorship. 
Spacelab GSE expertise 
dependent upon flight 
rate/dedicafion. 

Limited experiment GSE 
expertise but excellent 
Spacelab GSE maintenance 
capability - KSC is the 
assumed GSE depot. 
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Table 2-3. Qualitative Assessment of Ground Processing Concepts (Cont'd) 


Category 

Considerations 

Distributed Site 

Lead Center 



Level of Payload 
Assembly and 
Checkout 

A-1 Minimum; individual 
experiment systems only 

A-2/3 Simulated payload 
combined checkout will 
be used. 

B~1 same, 

B-2/3 same. 

B-4/5 Integrated pay- 
load configration. 

C-l same. 

C-2/3 same. 
C-4 same. 

Operations 

STS Operations and 
Schedule Risk 

A-1 Maximum; only in- 
dividual experiment sys- 
tems verified in non- 
flight (payload config- 
uration at multiple sites) 

B-l Major; although com- 
parable assembly and 
checkout as A-1, cen- 
tralized activity would 
facilitate inter-experi- 
ment coordination. 

C-1 Same as lead center 
plus additional opportun- 
ity for closer coordination 
with Spacelab equipment 
staging activities. 


A-2/3 Less than above 
option but still signifi- 
cant risk because of sim- 
ulated payload config- 
uration. 

B-2/3 Same as distributed 
site. 

C-2/3 Same as distributed 
site. 


• 


B-4/5 Minor; transporta- 
tion affects are primary 
concern. 

C-4 Minimum; transporta-r 
tion should have negli- 
gible affect. 


Transportation and 
Handling 

Maximum for Spacelab 
equipment but minimum 
for experiment equipment. 

Nominal for both Space- 
lab and experiment 
equipment. 

Nominal for Spacelab 
equipment (shorter dura- 
tion) but maximum for 
experiment equipment. 
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Table 2-3. 


Qualitative Assessment of 



Processing Concepts (Cont'd) 


Lead Center 


Nominal, assuming cadre 
of experiment oriented 
personnel 


Minimum- Limited 
experiment oriented 
personnel 


Limited - dependent upon! Excellent -because KSC 


traffic rate and estab- assumed to be depot for 
lishment of Spacelab Spacelab elements 

oriented cadre Standard- Same as lead center 
ization with adequate 
flexibility for unique 
requirements. § 


Nominal, assuming cadre 1 Nominal, same as lead 
of Spacelab oriented | center 
personnel is developed. Jj 


Requires interrelation- 
ships and interdependen- 
cies to achieve desired 
efficiencies. 

Similar to lead center; 
simpler transportation but 
more complex GSE plan- 
ning to achieve desired 
shari ng/ut i 1 i zat ion . 

More rigorous for experi- 
ments, easier to co- 
ordinate for Spacelab. 

Same rigor for experiments 
and simplest for Spacelab. 
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Table 2-3. Qualitative Assessment of Ground Processing Concepts (Cont'd) 


Category 

Considerations 

Distributed Site 

Lead Center 

KSC 

Management- 

Documentation 

Simple/informal for ex- 
periments, Multiple and 
rigorous for Spacelab. 

More rigorous for experi- 
ments, simpler for Space- 
lab because of fewer 
items involved and de- 
velopment of expertise - 
dependent upon flight 
rate. 

Same level for experi- 
ments. Transportation and 
GSE documentation differ- 
ences between lead center 
and KSC concepts tend to 
offset each other. 

(Cont'd) 

Gov't. Furn. Equip. 
(GFE) such as racks/ 
pallets fyrnished for 

Complex and inter- 
dependent. 

Readily controlled at 
the payload level. 

Readily controlled at 
the program level. 


Logistics 

Maximum effort required 
for Spacelab; minimum 
required for experiments. 

Nominal if lead center 
is partial payload sponsor. 

Maximum effort required 
for experiments and nom- 
inal for Spacelab equip- 
ment. 


Administration 

Decentralized and de- 
coupled for experiments 
but most complex for 
Spacelab. 

Nominal for both experi- 
ments and Spacelab. 

Same as lead center* 
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3.0 PAYLOAD INSTALLATION AND TEST REQUIREMENTS 
INTRODUCTION 

In this section, a baseline set of ground processing requirements is developed for each 
representative payload. These requirements reflect basic guidelines applicable to Spacelab/ 
payload integration, processing option variations because of payload configuration differ- 
ences, and standardized task estimating criteria. In the estimating criteria, the specific 
integration tasks were delineated in waterfalls for each option and each task was analyzed 
to establish the personnel, transportation, GSE, and Spacelab flight hardware utilization. 

Baseline Concept Development Guidelines 

A baseline approach to ground processing activities for each payload was established 
with a set of guidelines/assumptions' pertaining to pre-Level IV integration activities as well 
as Level IV activities. Subsequent system level trades were conducted to determine the cost 
implications of some of these guidelines. These' trades are shown in Section 2 Volume III. 
The principle guidelines used were: 


1) All Spacelab interfacing hardware and experiment equipment will be 
in operable condition and ready for installation/integration and the 
initiation of level IV activities. 

• 2) The Spacelab interfacing element will be available at the level IV 
site. That is, regardless of what the element is (rack, pallet, IPS, 

SIPS, RAU, EPDB, EPSP, l/C, coldpiate, inverter, etc.), it was 
assumed that it would be available at the level IV site. 

3) Interfacing elements such as RAU's, EPDB's, EPSP's, l/C's, and 
coldplates will be installed in/on racks and pallets during staging 
operations at KSC. 

4) Interconnections between coldplates on pallets and transition cables/ 
coolant lines on forward pallets will be installed during staging oper- 
ations at KSC, 

5) Integration of instruments/sensors with SIPS canisters is accomplished 
prior to level IV activities. 

6) Integration of experiment sub-assemblies that will be installed as a 
single end item in/on Spacelab mounting elements or payload unique 
support structure will be accomplished prior to level IV activities. 

-7) Where practical, currently defined Spacelab and payload GSE will be 
used/adapted for level IV integration activities. 

8) In general, checkout activities will consist of verification of installation 
and interconnection operations. Specification, performance, end-to-end. 


3-1 


SD 78-SR-0009-2 



Rockwell International 

Space Division 


or calibration tests will be conducted if the installation/interconnection 
operation affects these parameters-, 

9) Repetition of a test is required if an interface is interrupted for reasons 
of transportation or subsequent assembly operations, 

10) None of the Spacelab equipment located in the Igloo or subsystem racks 
of the module are available during level IV activities. 

Applicable Payload Options 

Based upon the basic processing guidelines and the configurations of the representa- 
tive payloads, the applicability of the ground processing options (defined in 
Section 2) to the four payloads was determined. The applicability is summarized in 
Table 3-1. Note that the pallet only payloads. Combined Astronomy and Space Pro- 
cessing, do not require level III assembly at KSC. The other two payloads. Life Sciences 
and ATL, require level III assembly at KSC except in those options that include integrated 
payload assembly and transportation (B-4 and C-4). 


Table 3-1, Options Applicable to Each Payload 


[■m 

APPLICABLE OPTIONS 

RATIONALE 

COMBINED 

ASTRONOMY 

A-2 

B-2, B-4 
C-2, C-4- 

LEVEL III ASSEMBLY AT KSC (BLOCK 10) IS NOT REQUIRED 
FOR THIS PAYLOAD. 

SPACE 

PROCESSING 

A-2, 

B-2, B-4 
C-2, C-4 

LEVEL III ASSEMBLY AT KSC (BLOCK 10) IS NOT REQUIRED 
FOR THIS PAYLOAD. 

ADVANCED 

TECHNOLOGY 

LABORATORY 

A-l, A -3 
B-l, B-3, B-5 
C- J, C-3 

LEVEL III ASSEMBLY AT KSC IS REQUIRED IF INDIVIDUAL 
EXPERIMENT BUILDUP IS USED (BLOCKS 5 & 6) OR PALLET 
SEGMENTS ARE DISCONNECTED FOR SHIP. (BLOCK 9) 

B-4', C^l 

LEVEL IIP ASSEMBLY IS NOT REQUIRED IF COMBINED EXPERI- 
MENT BUILDUP IS USED, AND PALLET TRAIN IS SHIPPED. 

LIFE SCIENCES 

A-l, A -3 
B-l , B-3, B-5 
C-l, C-3 

LEVEL III ASSEMBLY AT KSC IS REQUIRED IF INDIVIDUAL 
! EXPERIMENT BUILDUP IS USED (BLOCKS 5 & 6) OR RACK/ 
FLOORS FOR BOTH MODULES ARE DISCONNECTED FOR 
SHIPMENT. (BLOCK 9) 

B-4, C-4 

LEVEL III ASSEMBLY IS NOT REQUIRED IF COMBINED 
EXPERIMENT BUILDUP IS USED AND FLOOR SETS ARE 
DURING BUILDUP. 


3-2 


SD 78-SR -0009-2 


















Rockwell International 

Space Division 


Standardized Time Estimates 

In order to provide for consistency of task estimates between options and payloads, 
standardized time estimating procedures were developed. 

Factors for estimating the time required to perform an installation operation were es- 
tablished using prior Rockwell experience on Shuttle and other space-related programs. 
Time and motion study reports were also examined. The data compiled was related to a 
model shop type environment which best simulates the Level IV assembly effort. A sep- 
arate estimating criteria was established for Structural/Mechanical end items, cables/ 
harnesses, rigid fluid lines and verification. The resulting time estimates were used as 
averages and were modified by engineering judgement to best reflect the complexity of 
the installation and/or end items. 

The estimating methodology for structural/mechanical installation is illustrated in 
Figure 3-1. For example, if six individual experiment assemblies that can be readily 
handled by two people are to be mounted in a Spacelab rack the total time required would 
be seven hours; one hour for task preparation and one hour for each unit. However, if one 
assembly occupies the entire rack, a mechanical assist is required and the "per unit" in- 
stallation time increases to three hours. If alignment after installation is required, an 
additional two hours was allocated. Mounting of experiment assemblies on payload unique 
support structure was also included, and is indicated as a task comparable to installation 
of experiment equipment on a floor segment of the module. 

Time estimates are for nominal installations. If a major installation such as mounting 
of the SIRTF on a two pallet train is involved, then an individual evaluation of the task 
was conducted. 

Task estimates for cable harness installations are shown in Figure 3-2. Activities 
included in these estimates are final dressing of cable/harnesses, installation of harness 
restraints (P-clamps), and connection to equipment. 
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1 . Use for average end items only, additional complexity requires additional 
time. 

2. Inspection time included. 

3. Alignment requires special instrument support. 

4. Add 2 hours if hoist used for complexity 

* 5. One hour for "task defined" occurs only once per rack, for pallets, floors, 
and others, occurs every end item. 


Figure 3-1. Structural/Mechanical Task Estimates 
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GO-AHEAD 



L For central Level IV integrator harness installation in racks 
Lft = 6 ft +no. of branches 

2, Individual experiment installation and test sequences (waterfalls) will 
include estimates of installing cables/hamesses for each experiment. 
Where reasonable incorporate cables into harnesses for the individual 
experiment. 

3. Round-off times to nearest hour. • 


Figure 3-2. Cable/Hamess Task Estimates 
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Rigid/fluid line estimates are shown in Figure 3-3. Pre-forming of rigid lines is 
assumed. Installation of line restraints and interconnection is included in the estimates. 

-The estimation "methodology for interface verification is shown in Figure 3-4. Set- 
up time is not included because a flat time of one hour per GSE cable or flex line hookup 
is added to the task estimate. The estimates reflect the issuance of a command (switch clos- 
ure, keyboard entry, etc.) and verification of the required response. If verification of res- 
ponse is accomplished in real time by meter, indicator light, or CRT readout, the estimate 
applies. If post -test data stripout or analysis is required, a separate assessment of the task 
was conducted. 


3-6 


SD 78 -SR -0009-2 



Rockwell International 

Space Division 


GO-AHEAD 



COMP LETE (TOTAL = 6 h/LINE) 


1. Estimate flex line installation time using method used for electrical 
cable/harness time estimates. 


Figure 3-3„ Rigid/Fluid Line Task Estimates 
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GO-AHEAD 


0.05 h 





COMPLETE (alignment- = 45 min) 
(non-align.) = 15 min) 


Does not include check-out equipment hookup. 


Figure 3-4, Verification Task Estimates 
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SPACE PROCESSING PAYLOAD INSTALLATION & TEST REQUIREMENTS 

The Space Processing payload is a single pallet-only Spacelab configuration (Figure 
3-5). The experiments of this payload consist of alternate materials processing operations 
on a broad spectrum of samples. The materials processing operations are conducted in four 
basic melt facilities: electromagnetic levitation, acoustic levitation, multi-purpose fur- 
nace, and a float zone refining/crystal growth furnace. The materials samples of each 
experiment are installed in the appropriate facilities during assembly of the facilities. 
Sample installation is considered to be a pre-level IV activity. Thus, the installation 
and integration of the facility equipments with the Spacelab mounting element (pallet) 
are the activities addressed in the level' IV ground processing requirements definition. 


ELECTROMAGNETIC LEVITATION MELT FACILITY 
POWER CONDITIONER 


HEAT EXCHANGERS 


ACOUSTIC LEVITATION MELT FACILITY 

FZR/CG PROCESSING A CONTROL MODULE 

FZR/CG OPTICS, CAMERA/IMAGE TUBE 

FZR/CG FURNACE M&T FACILITY 

MULTI-PURPOSE FURNACE PROCESSING 
& CONTROL MODULE 



MULTI-PURPOSE 
FURNACE MELT 
FACILITY 

Storage 

TANKS (He, 0 2 , A, Spore) 


FREON PUMP 


HIGH VACUUM PUMP 


Figure 3-5. General Arrangement - Space Processing Payload 
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Applicable Ground Processing Options 

As the Space Processing payload is a single pallet configuration ,. the. variation -in- the 
installation and checkout tasks between ground processing options is minor. Primary vari- 
ations in costs may result from transportation and temporary relocation of personnel. 

The level IV integration scenario for the Space Processing payload is essentially the 
same for distributed site, lead center, and KSC options. During staging operations at KSC, 
interfacing elements (coldplates, RAU's, EPDB, inverter, freon pump, etc.) are installed 
on the pallet. The pallet is transported to the level IV site for installation of the equip- 
ment items of the four facilities. Interconnecting electrical harnesses and coolant/fluid 
lines are installed. Individual facility checkouts are conducted, followed by a combined 
payload checkout. Payload unique Orbiter AFD controls and displays and a simulated 
CDMS are used in the checkout operations. The integrated Space Processing payload is 
then shipped to KSC for instal lation/integration of the Igloo in the main stand in the O&C 
building. 

Transportation of the pallet to/from a distributed site or a lead center are the same. 
Standard Spacelab program handling/transport GSE is used. A nominal time allocation 
of five days is applicable for the trip to and from these sites. In the KSC options, level 
IV integration is assumed to be performed in the Industrial Complex and only one day for 
transportation to and from the complex is allocated. 

Personnel requirements to do the "hands-on" tasks are the same in all options. How- 
ever, the level of host center support will vary depending upon whether the integration 
occurs at a distributed site (Pi's facility), lead center (payload sponsor), or KSC. Also, 
the TDY will vary in a similar manner. If the distributed site approach ?s used, TDY will 
be minimum. If the KSC approach is used, TDY will be maximum. The Lead Center will 
be somewhere in between. 

Installation Requirements 

The equipment to be installed and verified in the Space Processing Payload can be 
categorized into three types: Experiment Equipment (that which is directly used in per- 
forming the experiment and is built, tested and supplied by the PI), Common Support- 
Equipment (items which are necessary to provide physical, electrical, data, fluid or 
other support to the experiment equipment and to interconnect it with the Spacelab and 
Orbiter), and Spacelab-unique equipment (Modular payload support equipment provided 
under the Spacelab program by NASA). 

Experiment Equipment 

In all options, a degree of preassembly of the facilities is performed by PI personnel 
prior to. level IV activities. For example, the material samples are installed in the electro- 
magnetic and acoustic levitation facilities, the facilities are sealed, and charged with gas 
prior to level IV activities. In the case of the two melt furnaces, the samples are installed 
in an insertion, retrieval, and storage device which is assembled with an inner chamber, 
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common chamber and turbo-pump as a complete assembly prior to level IV activities. Thus, 
the list of experiment equipment to be installed during level IV activities reflects the pre- 
assembly of the facilities. 

Table 3-2 lists those items of Experiment Equipment associated with each facility and 
experiment which are to be installed during Level IV integration. One item, El — T of each 
facility, is a control and display panel which is not actually integrated until Level I, when 
if is installed in the Orbiter AFD (See Figure 3-6). However, it is required in level IV to 
verify the formal fit of the panel and to verify the functional interfaces established in level 
IV integration. 


ORIGINAL PAGE IS 
OF POOR QUALlra 



Figure 3-6 0 Orbiter Aft Flight Deck Arrangement- 
Space Processing Payload 
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Table 3-2. Space Processing Payload End Items 


FACILITY # 1 

Electromagnetic Levitation 
Melt Facility 

FACILITY # 2 
Acoustic Levitation 
Melt Facil ity 

FACILITY #3 
Multipurpose Furnace 

FACILITY H 

Float Zone Refiner/C'rystal 
Growth Furnace 

(Exp. S-9A, S-9B, S— 21) 

(Exp. CG-5, CG-7) 

fxp. S-4, S-7, S-14) 

(Exp. S-6, S— 1 6, S -25) 

El-1 - Control/Display 
Panel (shared by all fac.) 

El-1 - Control/Display 
Panel (shared by ajl fac.) 

El-1 - Control/Display 
Panel (shared by all fac.) 

El-1 - Control/Display 
Panel (shared by all' fac.) 

El -2 - Processing Chamber 
(3 chambers) 

El-2 - C.G.-5 Processing 
Chamber (1) 

El -2 - Power Conditioner 
(shared w/Fac. 4) 

Ei-2 - Power Conditioner 
(shared w/Fac. 3) 

1 

EI-3 - C.G. -7 Processing 
Charrber (1) 

El-3 - Furnace System (incl. 
Turbo-pump, core, IR&S, 
Common chamber) 

El-3 - Furnace System (incl. 
same as Fac. 3 plus optical 
system) 



EI-4A Gas/Liquid Heat 
Exchanger 

EI-4A Gas/Liquid Heat 
Exchanger 



EI-4B Gas Tank Assembly 

EI-4B Gas Tank Assembly 

i 


EI-4C Freon Pump 

(shared w/Fac. 4) 

E 1 — 4C Freon Pump 

(shared w/Fac. 3) 

| 


El -5 Processing and Con- 
trol Module 

El -5 Processing and Con- 
trol Module 




Space Division 
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Common Support Equipment 

This equipment, which is generally payload-peculiar, consists of cabling, tubing, 
bracketry, cable trays and similar items which are designed to provide the necessary 
support to the experiment equipment above and beyond that provided by the Spacelab 
equipment. As such, it consists specifically of the following items for the Space Pro- 
cessing Payload. 

(a) Power and signal cable assemblies as listed in Volume I. 

(b) Freon, coolanol and high pressure gas tubing assemblies as listed 
in Volume I. 

(c) Furnace supports for mating the Multipurpose and Float Zone re- 
f iner/Crystal Growth Furnaces to the pallet floor. 

(d) Cable and tubing trays and supports to mount items (a) and (b) to 
the pallet structure, 

Spacelab-Unique Equipment 

The Spacelab equipment, previously defined, consists of the following items: 

(a) CVie pallet 

(b) One 400 Hz AC inverter 

(c) One Remote Access Unit (RAU) 

(d) One Freon Pump and Accumulator package 

(e) One Experiment Power Distribution Box (EPDB) 

(f) One Experiment Heat Exchanger 

(g) Four coldplates 

In the flight configuration, an Igloo is also required, complete with all Spacelab 
data and power subsystems, but this is not needed for Level IV integration and is assumed 
not to be supplied, hence is not included in the above list. During Level IV integration, 
a- simulator will be used which provides the CDMSand power requirements. 
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Special Handling, Checkout, Servicing and Auxiliary Ground Equipment 

In addition to the flight equipment installed on the pallet in the process of Level IV 
integration, .a complement of ground equipment is necessary to permit- the handling, posi- 
tioning and mounting of flight hardware, the storage and transportation protection of this 
hardware, servicing and checkout of the completed installations, and miscellaneous other 
functions performed as a part of integration. Table 3-3 lists those items of equipment which 
have been identified and included in subsequent analyses. Items which list a drawing num- 
ber are documented and described in the document "Spacelab GSE Items Descriptions Docu- 
ment", MSFC Drawing 40A99006 Revision A. Those items which have no drawing number 
have been identified as needed additional equipment. A compilation and description of all 
the GSE identified in this study is presented in Appendix E. 

Test Requirements Identification 

In the Level IV integration task, certain underlying groundrules or assumptions are used 
in determining the nature and extent of verification testing to be performed at the conclusion 
of the installation phase. Chief among these is the premise that the experiment end item 
equipment is received in good operating condition, completely checked out and calibrated 
to perform its flight mission. Verification testing, therefore, does not have to include steps 
to verify the performance and accuracy of the experiment - only to verify that it will func- 
tion in all modes in the as-integrated configuration. These tests will verify that all electrica 
mechanical and fluid interfaces which have been established during integration are function- 
ally adequate and properly configured. 

Another premise considered in verification testing is that the various experiments are 
joined together for the first time with the Spacelab hardware, and prior testing was incapable 
of determining interaction effects between experiment equipments, and between these equip- 
ments and the Spacelab subsystems. For this reason, in addition to the functional verifica- 
tion of each experiment individually and serially, a combined payload test is performed. In 
this test, the payload isoperated in an abbreviated or simulated flight mode. Experiments 
which will be operated simultaneously in flight are operated simultaneously during the test, 
but for shorter durations.and comatibility ascertained. Verification tests are used to check 
out interfaces, while functional tests are used to check out the operation of the system in the 
flight mode. 

Another consideration in tesfing’that 5s peculiar to the Space Processing Payload is the 
inherent nature of the melt experiments performed and the automatic self-programmed char- 
acteristics of the equipment. If commands were to be given to any of the four facilities to 
operate in the flight mode, even for relatively short durations, the furnaces would heat the 
specimens to the melting point and resolidify them as they are programmed to do in flight. 

This obviously would expend the flight specimens, which are installed and sealed in the 
equipment before Level IV integration. Therefore, in order to p-eclude this result and yet 
accomplish a meaningful interface verification, a test program was assumed to be included 
in the facility control system. This program, separately addressable from the Spacelab DDU/ 
keyboard (simulated for Level IV tests), would energize the heating circuitry to a power lev- 
el and temperature cutoff high enough to allow for thermocouple/ pyrometer verification of 
appropriate temperature change, but not high enough to cause any physical/metallurgical 
changes in the specimens. 
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Table 3-3. 


Level IV GSE Requirements for Space Processing Payload 


Drawing No. 

HANDLING 

612008A 

61201 OA 
612013A 
612059A 
612060A 

. 612067A 

6 12071 A 
612106A 
6121 TOA 
6121 13A 
614XXX 

CHECKOUT 

613039 

SERVICING 

612080A 

612084 

612086 

612115 

AUXILIARY 
6121 14A 
614022 


Nomenclature 


Feed Through Protective Covers Kit (-01 thru -03) 
Pallet Segment Floor Covers Kit (-01 thru -04) 
Pallet Segment Support (-01 thru -05) 

Pallet Cover (-01 and -02) 

Pallet Platform 

Desiccant Canister, Large (-01 thru -03) 

Active Environmental Control Cart 
Road Tiedown Kit, U.S. 

Horizontal Sling Kit (-01 thru -03) 

Trunnion Handling Fittings (-01 thru -07) 
Transportation Instrumentation 

Grounding/Bonding Tester 

Portable Leak Detection Unit (-01 thru -05) 

Freon Servicer 

Freon Leak Detector (-01 thru -03) 

Refrigeration Unit 

Cleaning Kit 
Desiccant Drying Oven 
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The single pallet-only configuration of the Space Processing payload also introduces 
a unique testing consideration. As all of the payload equipment Spaceiab interfacing 
units, and servicing and checkout GSE is at one site it would be unreal istic/impracfica! 
to complete individual facility checkout at one site and then move to a second site to 
accomplish integrated payload checkout. Therefore, the test sequences for the distributed 
site option for this payload is identical to that of the lead center and KSC options. 

Since the experiment end item equipment is received in good operating condition and 
checked out, verification tests will be conducted only to verify the functional interfaces 
between the experiment equipment, the common support equipment, the Spaceiab pallet 
subsystems and the Igloo and Orbiter interfaces. Man-machine interfaces were considered 
in the control/dispiay panel layouts and indicator designs, as well as in determining the 
time and manpower requirements of the verification steps themselves. Flight timelines were 
considered in the conceptual design of the combined payload tests. Tests at both experiment 
level and payload level were considered to be performed using flight software to accomplish 
software validation in conjunction with the integration interface verification. As a result 
of the melt experiment limitations, the full power rating with the software will not be veri- 
fied during the tests. 


Installation and Test Activity Assignment 

The activities associated with Level IV integration of the Space Processing payload 
are as follows: 

(a) Installation of all experiment/facilify end items (control and display panel) 
onto the Spacelab pallet. 

(b) Installation of all signal and power cabling on the pallet. This 
includes wiring interconnecting experiment end items, wiring con- 
necting end items to pallet subsystems and wiring to pallet inter- 
face connector brackets. 

(c) Installation of all other common support equipment, limited in 
this case to the furnace supports, cable trays and brackets. 

(d) Temporary installation of GSE cabling, flex lines and connection 
to checkout and servicing GSE, involved in the verification oper- 
ation. 

(e) Verification of both individual facilities and combined payload testing. 

(f) Disassembly of the temporary connections in (d), securing of experi- 
ment and subsystem equipment, and preparation for movement or ship- 
ment to the next integration site for Level III. 
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Integration activities not performed in Level IV include: 

(a) Installation of the Ei-1 shared control/display panel onto the Orbiter 
Aft Flight Deck, which is performed in Level I in the Orbiter Processing 
Facility (OPF) at Kennedy Space Center. 

(b) Installation of the AFD cabling is performed in the OPF. 

(c) installation of the transition cables will be accomplished at KSC during the 
staging activities. 

Experiment Installation and Test Sequences 

A pictorial representation of the progressive installation of payload equipment is 
shown in Figure 3-7, The steps depicted in this figure were translated into discrete tasks 
and time estimates established based upon the criteria defined above under Standardized 
Time Estimations, Standard task waterfalls were then developed for the Level IV activities. 
The Level IV activities for each of the four facilities of the Space Processing payload are 
delineated in waterfall format in Figures 3-8 through 3-11. These task schedules or water- 
falls were integrated into one and the combined payload checkout was added (Figure 3-12). 


In addition to the level IV activities, payload unique ground processing is required 
during KSC-STS operations. Payload related activities during Spacelab integration, 
Orbiter integration, and post -flight payload de-integration are identified in Figures 
3-13, 3-14, and 3-15 respectively. Pre-flight servicing/top-off of facility gas supplies 
at the launch pad, and post -flight safing and removal of the payload unique AFD panels 
in the OPF are also required. Based upon discussions with cognizant KSC personnel, all 
of the identified payload related activities required during KSC-STS operations are in 
accordance with current planning. 

An overview of the ground processing cycle for the Space Processing payload from 
initiation of level IV integration through post-flight payload de integration is presented in 
Figure 3-16. (The number in each block refers to the activities defined in Section 2.) 

For this particular payload, there is no significant difference between distributed site 
and lead center flows, nor between functional activity block 3/4 and 5/6. Thus, the 
overall flow for options A-2, B-2 and B-4 are the same. The KSC options, C-2 and C-4, 
reflect the reduced transportation time to/from the level IV site. All other activities are 
the same as for the distributed and lead center options. 

Summary 

The installation, test, transportation, STS integration, and post -flight activities 
defined herein provided the basis for the development of resource requirements for the 
ground processing of this payload. In section 4, the manpower estimations, hardware 
utilizations, and costs data for this payload are developed. 
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RECEIVE PROCESSING CHAMBER El 2 AND INSPECT (1.0) 

RECEI VE CONTROL/DISPLAY PANEL El 1 AND INSPECT (1.0) 

J INSTALL PROCESSING CHAMBER El 2 ON PALLET AT PANELS 2 AND 3 (2.0) 

|“ | INSTALL POWER CABLE FROM CHAMBER TO EPDB (12.0) 

L 1 1 | INSTALL SIGNAL CABLE FROM CHAMBER TO RAU (19.0) 

' ” ' ‘ | INSTALL CONTROL/DISPLAY PANEL El I IN SIMULATED PSS (2.0) 

CONNECT GSE SIGNAL CABLE FROM SIMULATED PSS TO SIMULATED CDMS (1.0) 

_ CONNECT GSE SIGNAL CABLE FROM SIMULATED CDMS TO RAU (1.0) 

| CONNECT GSE POWER CABLE FROM FACILITY POWER TO S/L POWER BUS, SIM. PSS AND SIM.iCDMS (2.0) 
1 VERIFY APPLICATION OF POWER AT CONTROL/DISPLAY PANEL El I (.25) , 

• EXPERIMENTS* S9AB & S21 • 1 VERIFY TEST SEQUENCE INITIATION AT CDMS DDU(.25) 

4 1 VERIFY OPERATION OF CHAMBER HEATER. CAMERA. SEQUENCER AND 

I ELECTROMAGNETIC SYSTEM AT CDMS doU-3 CHAMBERS (7.5) 

T_ VERIFY TEST SEQUENCE TERMINATION AT CDMS DDU (.25) 

1 VERIFY REMOVAL OF POWER AT CONTROL/DISPLAY PANEL El I (.25) 

| REMO VE GSE PQWER AND SIGNAL CABLES (2.0) 

1 SECURE ALL ASSEMBLED EQUIPMENT FOR SHIPMENT (2.0) 

TOTAL HOURS - 53.5 


Figure 3-8, Installation & Test Timeline for the Electromagnetic Levitation Melt Facility ^1 
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I RECEIVE CC-S PROCESSING CHAMBER El 2 AND INSPECT 0.0) 

RECEIVE CG-7 PROCESSING CHAMBER El 3 AND INSPECT (1.0) ! 

RECEIVE DISPLAY/CONTROL PANEL El I AND INSPECT (1.0) 

1 IN STALL CG-S PROCESSING CHAMBER El 2 ON PALLET AT PANEL 6 (2.0) | 

1 1 INSTALL CG-7 PROCESSING CHAMBER FI 3 ON PALLET AT PANEL 7 (2.0) 

' ] INSTAIL POWER HARNESS FROM EPDB TO CHAMBERS 2 AND 3 (10.0) 

j INSTALL SIGNAL HARNESS FROM RAU TO CHAMBERS 2 AND 3 (19.0) 

| INSTALL DISPLAY PANEL El 1 IN SIMULATED PSS (2.0) 

~] CONNECT GSE SIGNAL CABLE FROM SIM. PSS TO SIM. CDMS (1.0) * 

; — CONNECT GSE SIGNAL CABLE FROM SIM. CDMS TO RAU (1.0) 

“ I CONNECT GSE POV/ER CABLE FROM FACILITY POWER TO S/L pf)WER BUS, SIM. PSS AND SIM. CDMS (2.0) 

; : h VERIFY APPLICATION OF POWER TO El 2 AT CONTROL/DISPLAY PANEL, El ! (.25) 

1 VERIFY TEST SEQUENCE INITIATION AT CDMS DDU (.25) • 

' T“ 1 VERIFY OPERATION OF CHAMBER HEATER, ACOUSTIC-GENERATOR, SERVO LOOP, SEQUENCER AND LIMIT 


» EXPERIMENTS: CG-5 & CG-7 


SWITCHES AT CDMS DDU (2. 0) 

VERIFY TEST SEQUENCE TERMINATION AT CDMS DDU (.25) 

VERIFY REMOVAL OF POWER FROM CHAMBER El 2 AT CONTROL/DISPLAY PANEL El I (.25) 

VERIFY APPLICATION OF POWER TO El 3 .CHAMBER AT CONTROL/DISPLAY PANEL El 1 (.25) 

7 VERIFY TEST SEQUENCE INITIATION AT CDMS DDU (.25) 

j— 1 VERIFY OPERATION OF CHAMBER HEATER. ACOU5TIC GENERATOR, SERVO LOOP, SEQUENCER 

j I AND LIMIT 5WITCHES AT CDMS DDU'(2.(j) 

ll VERIFY TEST SEQUENCE TERMINATION AT CDMS DDU (.25) - 

1 VERIFY REMOVAL OF POWER FROM CHAMBER El 3 AT CONTROL/Dt SPLAY PANEL El H (.25) 

] ^ REMOVE GSE POWER AND SIGNAL CABLES (1,5) 

. ~ | SECURE ALL ASSEMBLED EQUIPMENT FOR SHIPMENT (4.0) 

TOTAL HOURS - 53.5 , 
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Figure 3-9, Installation &Test Timeline for the Acoustic Levitation Melt Facility ^2 
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] RECEIVE WO INSPECT FACILITY I END HEMS 1 AW 2(1] 

1 RECEIVE WO INSPECT FACILITY 2 END IT DU 1,1 AM 3(1) 

I RECEIVE AKD INSPECT FACILITY 3 END ITEMS (12) 

1 RECEIVE AND INSPECT FACILITY 4 DO ITI)I5(I2> 

\ RECEIVE WO INSPECT HPEEIKEKT SUPPORT EQUIPNEMTC7) 

STALL PALLET OK INTEGRATION TROLLEY AND ASSEMBLY STAND (5) 

] INSTALL FACILITY I PROCESSING CHAMBER (El-2) OK FALLCT (2.0) 

| INSTALL FACILITY 2 CG-S PADCESSrW CHAMBER (EI-2) ON PALLET (2.D) 
f INSTALL FACILITY 2 CG-7 PROCESSING CHAMBER (EI-1) ON PALLET 12.0) 

”f INSTALL POKER KARKESS^RON FACILITY 1 EI-2 AND FACILITY 2 EW AND 3 TO EPD8 (10) 

D INSTALL SIGNAL HARNESS FROM FACILITY 2 EM AND FACILITY 2 El -2 AM) -3 TO RAU (13) 


INSTALL FACILITY 2 AND 4 uquiD/fiAS KEAT EXCHANGERS (EMA) OtI THE PALLET <«) 

llNSTALL FACILITY 3 AND 4 GAS TANK ASSEMBLIES (EMB) ON PALLET SWEK4LL W 
I | IHSTA LL FACILrrr 3/4 DEDICATED FREON PlW (EMC) W PALLET (2) 

| | INSTALL FACILITY 3 AND * PROCESSING 4 CONTROL WOOLF (H-S) QN PALLET (4) 

|~| INSTALL FACILITY 8/4 POWER CONDITIONER (EM) OH PALLET (2) 

INSTALL CCMWiWLN I'ASLIESS FROM F« 3 I 4 EI-4B AND FJ-2 TO CBS7(15) 
INSTALL SIGNAL HARNESS FROM F/C 3 4 4 EK*A TO RAU {15} 

INSTALL SIGNAL HARNESS INTERCOHtfECTlW FAC 3 4 4 E1-U, 11-45 1 11-5(15) 
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I INSTALL AC 4 K POKER CABLES FHCM EPC0 TO FAC 3/4 El-2 (0) 

TlNSTALL SUPP ORTS FOR FAC 3 A 4 FURNACE SYSTEMS! El -3} OK PALLCT (2) 

1 INSTALL FACILITIES 3 4 4 EI-3 ON SUPPORTS (5) 

| INSTALL FAE I/2/3/ 4 CONTRCL/DTSPLAY PANEL El-1 tK SlWJlATED PSS EXP LACED ON F1WR (2) 

I [ INSTALL AC 4 DC POWER HARNESSES FROM FAC 3/4 EI-2 TO FAC 3 1 4 EI-3 (20) 

jj[ INSTALL PDWER HARfl-SSPS FROM EFOB TO FAC 3 4 4 EI-4A, 4C, 5 {»] 


TlliCTALL SIGNAL HARNESS IHTERCDNNECTIN5 FAC 3 EI-5 TO EMC, 0-3, EI-2, EMI A» RAU (15) 
' INSTALL SIGNAL HARNESS FROM FAC 4 El-5 TO EMC. CT-3, EM, EMB AND RAU (If) 


JCHiNECTT DC POWER CABLE FWN FACILITY POKER TO OPERATORS CONSOLE AND TO PALLET DC IN CONNECTOR (l) 
’ JCONNECT AC POWER CABLE FROM OPERATORS CONSOLE TO PALLET AC CONNECTOR (1) 

[ CONNECT StGXAL CABLE FROM OPERATORS CONSOLE ID PALLET DATA EUS CONNECTOR (1) 
jcONNECT DC CABLE FMN FACILITY TO PSS PANEL RACK [1) 
jOMvNECT' 'SIGNAL CAElE FROM PSS PANEL RACK TO OPERATORS CONSOLE (1) 

1 CCNNECT SIGNAL CABLE FROM CBS7 TO CAM PANEL SIHJIATW( I) 

j TKSTALL 1AJ TUBES 5-1 THROUGH S-15 <Z3) • 4 NEK 
| INSTALL FREDA TUBES FI TtftUGK F12 (18) - 4 HEN 
f INSTALL COOLAKCL TUBES C-l TWU C-4 («) 



IPOLDOUT FRAME j- 


4 NEK 

CONNECT GSE FREON SERVICIK5 UNIT AND REFR1SEPATI0K UNIT AND SERVICE SYSTEM - 5 FLEHIHE3 (7) 

VERIFY LEAN-FREE BAS AND FREON SYSTEM (8) 

VERIFY LEAK-FREE CMWWl SYSTEM (4) 

VERtFY APPLICATION IE POWER TO FACILITY 1 4 t AT EI-1 (.25) 

VERIFY FACILITY 1 TEST SEQUENCE INETEATTON AT PSS PANEL RACK (-25) 

VEHIFY OPERATION OF CWHBEN HEATERS, CAMERAS, SEQUENCE! » EM SYSTEM AT PSS PANEL RACK (2) J 

' VERIFY TEST SEQUEHCE TEMJNATTON AT PSS PANEL RACK (-25) “ ' j 

YKIFT TEST SEQUENCE INITIATION FIR FACILITY 2 £1-2 AT PSS PANEL RACK (.25) 

VERIFY OPERATION OF EI-2 CWW3ER HEATER, ACOUSTIC GENERATOR, SEP.VK.OK>, SEQUENCER I LIMIT SWITCHES AT PSS PAUL RACK (2) 
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Figure 3-12, Integrated Space Processing Payload Installation & Test Sequence 


REWVE AU Q BE EWIRMEMT, LA3LES * LINES («.0> 

1 SECURE PAYLOAD EDUIWENT FDR SHIPtCNT (a> 


3-27, 3-28 


SD 78-5R-0009-2 



Rockwell International 

Space Division 


10 


20 

_i 


30 


40 


50 


60 


70 80 


90 

I 


100 


110 120 • 130 140 150 

i i ! ! l 


160 
I 


170 100 190 

I j i 


f | INS TALL PALLET ON ASSEMBLY STAND(G.5) 

I | HATE IGLOO TO PALLET(IO) 

PALLET FREON SERVICING (14. 5) 

PREPARE/COHNECT ORBITER INTERFACE ADAPTER WITH Ell CONTROL/DISPLAY PANEL(14.5) 

1 REFURBISH PALLET MLI(3) 

PAYLOAD PRE-POWER VERIFICATION^) 

SERVICE GAS TANKS TO 2 5X WORKING PRESSURE (4) 

T I VERIFY IGLOO/PALLET/EXPERIMENT INTERFACES BY EXECUTING TEST SEQUENCES 

1 1 ON EACH FACILITY FROM AFD SIMULATOR^) 


TTrefurb 

|~~| P 



DATA REV IEW(8) 

SIMULATED MISSION SEQUENCE TEST(16) 

DATA REVIEW A FREON AIR ENTRAINMENT TEST(8) 

| POST-TEST SECURING OF EXPERIMENTS^) 

REMOVE EI-1 FROM ORBITER INTERFACE ADAPTER(4) 

] TRANSPORT EI-1- TO 0PF{2) 

PREPARE SPACELAB FOR MOVEMENTS. 5) 

INSTALL SPACELAB IN CANISTER(9.5) 


Figure 3—13, Space Processing Payload Level Ill/ll Integration Activities 
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Figure 3-14, Space Processing Payload - Level I OPF Operations 
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Space Processing Payload - Level IV Deintegration 
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Figure 3-16. Summary of Space Processing Payload Ground Operations 
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COMBINED ASTRONOMY PAYLOAD INSTALLATION & TEST REQUIREMENTS 


The Combined Astronomy payload used in this study consists of a five pallet, pallet- 
only Spacelab configuration (Figure 3-17)* The lead pallet or forward complement incor- 
porates two experiments/sensors mounted in thermal canisters and integrated with the SIPS. 
The mid-complement consists of the IPS mounted on one pallet and the SIRTF mounted on a 
two-pallet train. The gamma-ray detector assembly is mounted on the last pallet. 
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2-TRAIN PALLET 


SINGLE PALLET 


PALLET PLATFORM (GSE) 


Figure 3-17. Combined Astronomy Payload 


Applicable Ground Processing Options 

The configuration of the Combined Astronomy payload permits decoupling of the level 
IV ground processing activities between the forward, mid, and aft complements of equip- 
ment. Installation and assembly operations of the equipment for each complement could 
readily be distributed to three geographically separated sites or independently conducted 
at a centralized site. Combined payload checkout prior to initiation of KSC-STS opera- 
tions is also a viable option. Based upon the groundrules previously delineated for the 
development of study baseline data, level III assembly in the O&C building is not required. 
The three complements of this payload can enter KSC-STS operations in the Ill/ll integration 
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main stand. Thus, th,e applicable ground processing options for this payload are A-2, B-2, 
B-4, C-2 and C-4 (reference Section 2.0). In addition, the A-l, B-l, and C-l options 
are applicable if the level III O&C assembly activity (block 10) is deleted/by “passed in 
these three options. Baseline study data for the Combined Astronomy payload for all seven 
•options are subsequently presented. 

Installation Requirements 

In the development of baseline study data, the integration of the UV and Schmidt 
camera sensors with the SIPS canisters was considered to be part of sensor development 
activities. The sensors and canisters are an integral design. It is anticipated that environ- 
mental verification testing of the sensor-canister assembly will be an essential part of the 
development cycle. 

Level IV integration of the forward complement was considered to be initiated upon 
receipt of the sensor -canisters, SIPS pedestal and pallet at the integration site. It was 
assumed that the IPS was mounted on a pallet during staging at KSC and transported to the 
level IV site in that configuration. The SIRTF was considered to be a completely integrated 
assembly upon initiation of level IV activities. For example, the multiple instrument com- 
partment was integrated with the telescope assembly and sealed to preclude contamination 
of the optics prior to level IV integration. The gamma-ray detector is also a single assem- 
bly at initiation of level IV activities. Transition cables and coolant lines across one pal- 
let for functions on subsequent pallets were assumed to be installed during staging operations 
at KSC. 

Experiment Equipment 

The compleme nt of experiment equipment to be installed during Combined Astronomy 
level IV integration is listed in Table 3-4. Only the installation of 1.0, 2.0, 3.0, and 
4,0 assemblies are level IV activities. Lower indent items are for reference only and re- 
flect the required pre-level IV integration of Combined Astronomy experiments. The con- 
trol and display panel to be installed in the Orbiter AFD is shown in Figure 3-18. This 
panel reflects an integration of individual experiment requirements. A DDU/keyboard is 
required for control of the experiment equipment, data monitoring, and status analysis. 
Either a dedicated unit may be used or the experiment may be tied to the Orbiter DDU/ 
keyboard. Figure 3-18 shows the integrated requirements as a point of reference. 
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Table 3-4. 


Experiment 

Identification 


End Item 
Number 



Combined Astronomy Payload Experiment Equipment 


End Item Description 


Shuttle Infrared Telesco 


Telescope 

Cryogenic Tank System 
Multiple Instrument Compartment 
Spectrograph, Grating 
Camera, Photometer 
Interferometer, Lamellar Grating 
Interferometer, Michelson 
Polarlmeter 
Panel A, OAFD C&D 
Panel B, OAFD C&D 


UV Photometer/Telescope 


UV Photometer/Telescope 

Mirror 

Grating 

Channeltron 

Metal Plates 

Star Tracker 

Calibration System 

Control & Display Panel 


Far UV Schmidt Camera/S 


Electronographic Camera Assembly 
Film Transport Housing 
Grating Mirror Assembly 
Corrector Assembly 
Stray Light Baffle 
Remote TV Camera 
Control and Display Panel 
GN-2 Plumbing/Tankage 


Medium Energy Gamma Ray Detector 


1.0 

Gamma Ray Telescope 

1.1 

Anti Coincidence Counter Dome 

1.2 

Upper Spark Chamber Array 

1.3 

Lower Spark Chamber Array 

1.4 

Time & Flight Scintillators 

1.5 

Total Absorbtion Shower Counter 

2.0 

Control and Display Pane! 
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Figure 3-18.. Orbifer Aft Flight Deck Arrangement for 
Combined Astronomy Payload 


Common Support Equipment 

Equipment in this category consists of interfacing hardware between experiment equip- 
ment and Spacelab equipment. For the Combined Astronomy payload, this equipment con- 
sists of the SIPS (mounted on the lead pallet), end interconnecting cables, and coolant 
lines on each complement. 

Spacelab-Unique Equipment 

Standard' Space lab-payload interfacing equipment required by the Combined Astronomy 
payload is listed in Table 3-5. Spacelab subsystems equipment such as the CDMS and the 
high data rate multiplexer/recorder are not included. These items will remain at KSC and, 
if required, simulated during level IV integration activities. 
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Table 3-5. Combined Astronomy Payload Spacelab Support Equipment 


Spacelab Unique Equipment 

AFD 

Forward 

Complement 

Mid 

Complement 

Aft 

Complement 

Total 

Pallet, Single 

_ 

1 

1 

1 

n 

Pallet,, 2 -Train 

- 

- 

1 

- 

u 

Freon Pump 

- 

1 

- 

- 

1 

Coolant Lines 1 

- 

7 

8 

2 

17 

Cold Plates 

mm 

4 

2 

1 

7 

RAU 

D 

1 

1 

1 

4 

Experiment Power Dist. Box 

- 

1 

2 

1 

4 

Interconnect Station 

- 

2 

2 

1 

5 

Inverter 

- 

1 

- 

- 

n 

Instrument Pointing System 

- 

- 

1 

- 

■ 


Special Handling, Checkout, Servicing and Auxiliary Ground Equipment 

In addition to the flight equipment installed on the pallet in the process of Level IV 
integration, a complement of ground equipment is necessary to permit the handling, posi- 
tioning and mounting of flight hardware, the storage and transportation protection of this 
hardware, servicing and checkout of the completed installations, and miscellaneous other 
functions performed as part of integration. Table 3-6 lists equipment which have been 
identified and included in subsequent analyses. Items which list a drawing number are 
documented and described in the document "Spacelab GSE Items Descriptions Document", 
MSFC Drawing 40A99006 Revision A. Items without a drawing number were identified 
as needed additional equipment. A compendium of all GSE identified in this study is 
presented in Appendix E. 

Test Requirements Identification 


Basic assumpfions/groundrules were established in the development of the test require- 
ments for the processing of the Combined Astronomy payload. The more significant ground- 
rules that were used are presented herein. 
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Table 3-6. - Special Handling, Checkout, Servicing and Auxiliary Ground Equipment 


HI 

Equipment Item 

Dwg 

No 

Equipment Item 


HANDLING 


SERVICING 

612006 

Vertical SI ing Kit 

612080 

Portable Leak Detector 

612008 

Feed Thru Protective Covers 

612084 

Freon Servicer 

612010 

Pallet Segment Floor Covers 

612086 

Freon Leak Detector 

612013 

Pallet Segment Support 

612115 

Refrigeration Unit 

612059. 

612060 

612065 

612067 

612071 

Pallet Cover 
Pallet Platform 

Single Rack Hndjg & Transport Kit 
Desiccant Canister - Large 
Active Environmental Central Cart 

612XXX 

612114 

614022 

Vacuum Pumping Unit 

AUXILIARY 
Cleaning Kit 
Desiccant Drying Oven 

612106 

Road Transport Tie Down Kit 


PALLET HARDWARE 

612110 

Horizontal Sling Kit 


Bare Pallet Segment 

612113 

614XXX 

Trunnion Handling Fittings 
Transportation Instrumentation 

CHECKOUT 


EPDB 

Cold Plates 
RAU 

612040 

612208 

Optical Alignment Kit 
IPS Test and Checkout Kit 


Interconnect Station 

613038 

Continuity Tester 


Inverter 

613039 

Grounding/Bonding Tester 


Freon Pump Package 

IPS 

SIPS 


Note: See Appendix E for GSE physical and functional characteristics. 
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Pre-Level IV Sensor-Canister Integration 

In general, the SIPS will be shared by two experiment/sensor systems. Each system 
will be housed in an environmental controlled canister For ground processing as well as 
in-orbit thermal- protection. In addition, the alignment between the sensors and the can- 
ister structural assembly will usually be critical. Therefore, installation/integration/test 
of the sensor-canister assembly will be conducted at the sensor manufacturer's site or the 
Pi's laboratory. These activities will usually be performed in a rigidly controlled environ- 
ment. Upon completion of the pre-level IV activity, the canister will be used as a sealed 
container during subsequent shipment and processing activities to preclude contamination 
of the sensor. Thus, sensor -canister level IV test activities will be limited to verification 
of alignment of the canisters in the SIPS yoke, and verification of canister-sensor electrical • 
interfaces with external common d/control/data processing equipments. 

Equipment Status at Initiation of Level IV Integration 

All equipment (Spaceiab, common support, experiment, and GSE) is assumed to be 
operational and within performance limits at the start of level IV integration activities. 
Receiving and inspection activities prior to level IV are limited to assessment'of physical 
condition and transportation monitors. If functional tests are required/desired at the level 
IV site, they must be accomplished prior to and off-line from level IV activities. 

Level IV Functional Testing 

Only those functional tests necessary to verify level IV assembly/installation will be 
performed. If a functional check is necessary to verify a signal routing and the sensor cannot 
be operated, a "signal -^received" response will be necessary. For example, verification of 
the S1RTF telescope hatch operation must be made; however, the sensitivity of the SI RTF 
sensors and mirrors to contamination is very critical and the telescope will not be exposed 
to the atmosphere during level IV integration. Therefore, either a temporary function sim- 
ulator must be installed or a circuit built into the flight system. Similarly, the canisters 
housing the UV and Schmidt camera systems will not be opened during level IV integration. 

Experiment equipment activation will occur only if required to verify an interface 
established in level IV integration. An assessment of the experiment system of the Com- 
bined Astronomy payload indicated that a complete activation of the experiment equipment 
complements was not required. Consequently, no requirements exists for liquid cryogenics 
or exotic gases in Level IV. Neither is there a need for the inclusion of source stimuli! to 
check the sensor response or calibration. 

SIPS and IPS Operations 

Both the SIPS and IPS are designed for zero g operations. Neither of these systems will 
be exercised during level IV integration to assess mechanical operations. Common d/control/ 
data processing interfaces will be verified in a static mode of operation. 
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Software Validation 

The Spacelab configuration coupled with the assembly concept of the Combined 
Astronomy experiment complement minimizes the mechanical interactions. However, a 
major potential interaction will occur iri command/control/monitor functions. Experiment 
and SIPS/IPS operations will make extensive use of the CDMS computer/DDU/keyboard. 
Therefore, experiment system flight software will be verified during level IV integration 
using a simulated CDMS. It is recognized that certain functions/responses that are re- 
quired to close the command/control loops will not be available during level IV testing. 
Therefore, simulated responses must be introduced into the CDMS to verify system soft- 
ware. It was assumed that these simulated responses would be furnished by the STS for 
SIPS and IPS functions and by the experimenters for the sensors/experiments. This soft- 
ware to simulate responses is required to verify/validate SIPS and IPS performance before 
assignment to a payload. Similarly the required experiment/sensor simulation software 
is required for performance/specification/acceptance testing of equipments prior to level 
IV activities. 

Assembly Procedure 


The assembly procedure for the Combined Astronomy payload is a relatively straight 
forward process of installing experiment end items on Spacelab interfacing elements to 
form an integrated payload. The procedure is the same whether a distributed site, cen- 
tral site, or KSC location is used. The basic procedure remains unchanged whether an in- 
dividual experiment or a complete payload is processed. The buildup sequence of the Com- 
bined Astronomy payload is illustrated in Figure 3-19. The sequence is applicable for ail 
viable ground processing options except for the combined payload activities (activity blocks 
7,8, 9) which are not part of the A-l,B-l,and C-l options. In the case of the distributed site, 
the buildup of each of the three payload complements would be conducted at geographi- 
cally separated sites. For lead center and KSC options, these same activities could be 
conducted either in separate areas or in one central area at the integration site. 

Receiving Inspection 

Every item of equipment will receive incoming inspection. Physical as well as 
transportation monitor (temperature, humidity, acceleration, etc.) assessment will be 
conducted. A specific time allocation for inspection of experiment equipment was not 
developed. Experiment equipment inspection was assumed to occur in time to support in- 
stallation in/on Spacelab mounting elements. However, Spacelab equipment receiving/ 
inspection was specifically considered. 

Forward Complement Buildup 

After removal of the pallet cover (612059A), the single forward pallet is inspected 
for damage and positioned in its checkout location. Since the pallet has arrived from the 
staging area, all appropriate spacelab systems will have been installed. These consist of 
coldplates, EPDB, RAU, plumbing and appropriate hardware, and transition cables and 
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fluid lines for subsequent pallet functions. 

The SIPS pedestal is processed and mounted onto the forward pallet. A SIPS-unique 
sling is used in conjunction with an overhead crane to position the SIPS pedestal onto the 
pallet. Precision alignment with the pallet is obtained by using the Optical Alignment 
Kit (612040). 

Both the UV Photometer and Schmidt cameras, mounted in their respective canisters, 
are brought to the pedestal for installation in the yokes using unique slings in conjunction 
with an overhead crane. Precise alignment of canister -to -yoke is required since pointing 
and attitude relationships are critical in target selection, location and tracking. The 
optical alignment kit (612040) is used to aid In the alignment procedure. 

Following the mechanical installation of the SIPS pedestal and canisters, ail appro- 
priate harnesses and remaining support equipment are installed. Interface verification 
tests are then conducted. At this juncture, the forward complement may be prepared for 
transport or it may remain in a quiesent state until the other payload complements are assem- 
bled and then interconnected for combined payload checkout. If the complement is to re- 
main quiesent, appropriate ground support equipment (i.e. gaseous nitrogen purge cart) is 
attached and monitored as required. If the complement is to be immediately processed for 

transportation, appropriate packaging and shipping operations are conducted. Shipment 
times were included in the appropriate ground processing flows. 

Mid Complement Buildup 

In this buildup sequence, the single pallet containing the pre-installed IPS is pro- 
cessed through the inspection procedure. The pallet cover (612059A) is removed and 
stored and the pallet/IPS - are inspected for damage. The pallet and platform (612060A) 
are positioned for integration with the SIRTF and its two pallet train. The IPS pallet and 
the SIRTF two-pallet train were staged at KSC and included RAU's, coldplates, EP/DB's, 
and the transition cables for function on the subsequent pallets. In case of a requirement 
to remove or reposition the IPS, the IPS handling kit (612210) and IPS transportation kit 
(612209) were included in the GSE complement. 

This baseline approach is predicated upon the availability of the IPS during level 
IV integration. If the IPS were not available, then the entire pallet could be replaced 
by substituting appropriate electronic/electrical and mechanical interfaces. Specifically, 
a single RAU would be used to interface with the electronic components of the telescope. 

A substitute IPS "black box" would be required for the IPS interface functions. The elec- 
trical and mechanical interfaces between pallets would also be simulated by GSE cable sets. 

Receiving inspection of the two-train pallet occurs simultaneously with the IPS pallet. 
The pallet cover (612059A) is removed, the pallet train is inspected and placed into posi- 
tion behind the IPS pallet using the two-train pallet vertical sling kit (612006A) and an 
overhead crane. 
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The SIRTF arrives as an already assembled unit consisting of the MIC, telescope, 
cryogenic system, telescope hatch and launch support structure mounted to some type of 
strongback transporter. The system includes a vacuum pump to maintain an internal tele- 
scope vacuum to prevent contamination. The transportation instrumentation (614XXX) 
record 'is removed and checked for any out of tolerance conditions the unit may have ex- 
perienced. If none are found, the SIRTF is inspected for visible damage then lifted via 
the SIRTF unique sling and facility crane and placed info the two-train pallet. With the 
aid of the Optical Alignment Kit (612040) and mechanical fools, the unit is installed onto 
the pallets and secured. 

Aft Complement 

The aft complement is the least complicated system of the Combined Astronomy pay- 
load. The aft pallet arrives with coldpiate, plumbing and basic harness installed. The 
receiving inspection and positioning is similar to that described for the other single pallets. 
Similarly the medium energy gamma-ray detector ?s processed through the receiving in- 
spection and placed onto the aft complement pallet with the aid of the Optical Alignment 
Kit (612040). 

Installation and Test Sequences 


Step-by-step sequences of installation and test activities were developed for the 
level IV integration of the Combined Astronomy payload for the applicable ground pro- 
cessing options. The sequences for the A-l, B-l and C-l options were identical. Three 
separate sequences of activities corresponding to the three complements of the payload 
were prepared (Figures 3-20, 3-21, and 3-22). For the A-l option, the sequences would 
be conducted at three geographically separated locations and require a full complement 
of GSE at each site, — In the B-l and C-l options, the same three sequences are applicable. 
Appropriate scheduling/staggering of operations will permit sharing of certain items of GSE 
even though the three sequences are conducted separately. 

The sequences for the A-2, B-2, and C-2 level IV integration activities are also 
identical. Transportation between activities and the location of the activity vary between 
options but the basic tasks are the same. In essence, the three sequences for the A-l, 

B-l and C-l are conducted and then integrated payload checkout (prior to KSC-STS) 
operations is conducted. These integrated payload activities (which correspond to func- 
tional blocks 7, 8 and 9 as defined in Section 2) are delineated in Figure 3-23. 

In the B-4 and C-4 options, the assembly and checkout is conducted at the integrated 
payload level. The sequences for these two options are also identical (Figure 3-24). This 
sequence reflects the integration of the activities of the three complements of the payload 
and certain efficiencies that can be achieved by the minimizing of equipment moves and 
GSE connect/disconnect activities. 


3-42 


SD 78-SR-0009-2 




Space Division 
Rockwell International 


10 


20 30 


40 


SO 60 70 



so 

_u. 


so 


RECEIVE SPACELAB FLIGHT EQUIPMENT KITH SUBSYSTEMS INSTALLED; EXPERIMENT FLIGHT EQUIPMENT; CONSOLES; & SPACELA B/ EXPERIMENT/CONS OLE-UNIQUE A COMMON GSE 
1 ‘ TRA NSPORT ALL EQUIPMENT TO LEVEL IV WORK AREA OR TO STOOGE AREA(3) 

PERFORM RECEIVING INSPECTION ON ALL EQUIPMENT (8) 

^INSTALL UV PHOTOMETER/TELESCOPE (UV/PT) PANEL IN THE P5S PANEL RACK(7) 

INSTALL SMALL INSTRUMENT POINTING SYSTEM (SIPS) PANEL IN THE PSS PANEL RACK(5) 

INSTALL FAR UV SCfflIDT CAMERAS/TELESCQPE PANEL IN PSS PANEL RACK(5) 

CONNECT PSS PANELS TO CB57 AT PORT LEADING EDGE OF PALLET #1(DIRECT SIGNAL CABLES) A TO OPERATORS CONSOLES (S/S A EXPERIMENT 
CONNECT OPERATORS CONSOLE TO CBS1 AT STARBOARD LEADING EDGE OF PALLET *1(4) 

CONNECT FREON SERVICER(612084A) TO REFRIGERATION UNIT(612115A) A TO S/S FREON LOOP Q/D's AT THE I/F CONNECTOR BRACKET 
CONNECT GROUND POWER CABLE TO THE OPERATORS CONSOLE; TO THE PSS PANEL RACK; & TO THE GROUND POWER SOURCE. 

COMMAND SPACELAB SUBSYSTEMS W AT THE OPERATORS CQNS0LE{2) 


I/O UNITS) (4) 

ON PORT LEADING EDGE [Of PALLET#!. CONNECT REFRIGERATOR W TO 
FACILITY H 2 o! SERVICE S/$ FREON SYSTEM (10) 


□ LOCA 
HO 

4n 


LOCATE PALLET *1 IN ITS PALLET INTEGRATION POSITION 
HOIST SfPS TO PALLET #1 1 LOCATE IN POSITION (4) 

PERFORM ALIGNMENT OF SIPS A TORQUE ATTACH BOLTS TO PALLET #-1 PER INSTALLATION DRAWINGS) j 

] | INSTALL HARNESS CONTAINING PC-l(AC), PC-2(DC), SC-1. SC-2 & SC-12 BETWEEN THE SIPS CONTROL ELECTRONICS UNIT & THE EPDB, PALLET #1(PC-1 & PC-2); THE EXPERIMENT RAU(SC-12-SIP$ CONTROL); 4 THE EXPERIMENT INTERCONNECTING 


STATION (IS) (SC- 1-SCHMIDT CONTROL/DATA; SC -1-UV/PT CONTROL/DATA) (5) 


\ 



INSTALL UV/PT CANISTER ON THE SIPS(8) 

j INSTALL FAR UV SCK1IDT CAMERAS/ TELESCOPE CANISTER ON THE SIPS (8)' 
CONNECT GN2 SOURCE TO QD's ON BOTH CANISTERS{3) 


f 1 VERIFY LEVEL IV INSTALLATIONS OF THE UV/PT 4 FAR UV SCTMIDT CAMERAS/TELESCOPE EXPERIMENTS USING PSS PANEL RACK(7) 


FOLDOUT FRAME / 


a. 

b. 


f. 

s- 

h. 

1. 

■j. 

k. 

l. 


n. 


P- 

q- 

r. 

s. 

t. 

u. 

V. 

w. 

X, 

y- 


SIPS MAIN ROVER CONTROL FUNCTION ON-OFF 
CANISTER LAUNCttfENTRY LATCH OPERATION 
SIPS OPERATION ABOUT 2 AXIS- 
SIPS OPERATION ABOUT Y AXIS 
CANISTERS ABOUT YOKE Z AXIS 
JETTISON CIRCUIT INTEGRITY 
CANISTER "A" PURGE PRESSURE 
SIPS SCHMIDT CAMERA DOOR OPEN/CLOSE FUNCTION 
SCHMIDT SYSTEM MAIN POWER ON/OFF FUNCTION 
SCHMIDT SYSTEM CAMERA 1 4 2 ON/OFF FUNCTION 
SCHMIDT SYSTEM TV CAMERAS OPERATING FUNCTION 
SCHMIDT SYSTEM FILM ADVANCE OPERATION * 

SCHMIDT SYSTEM DATA RETURN 
CANISTER "B" PURGE PRE55URE 
PHOTOMETER MAIN POWER ON/OFF CONTROL FUNCTION 

CHANNELTRQNS (Cl TO 07} & PHOTOMETER (PM-1 TO PM-4) LOW VOLTAGE OH/OFF 

CHANNELTRONS (CT-1 TO CT-7) & PHOTOMETERS (PM-1 TO PM-4) LOW VOLTAGE ON/OFF 

PHOTOMETER MODE Q0MTROL LOCAL/REHOTE 

PHOTOMETER CALIBRATION SOURCE CT 4 PM IN/OUT 

PHOTOMETER COMMAND ENABLE/ EXECUTE 

PHOTOMETER STAR PRESENCE RELATIVE MAGNITUDE METER 

PHOTOMETER TRACKER LOCK ON/OFF 

PHOTOMETER DETECTOR MALFUNCTION POWER ON/OFF 

PHOTOMETER DETECTOR MALFUNCTION AUDIO SELF/TOT 

PHOTOMETER OPERATION CONTROL FUNCTION 


original PAGE IS 

OF POOR QUALITY 


Holdout frame ^ 


% 


COMMAND SPACELAB S/S's "OFF" AT THE OPERATORS CONSOLE & DISCONNECT 
REMOVE ALL CONTROL & DISPLAY PANELS FROM THE PSS PANEL RACK 4 
SECURE PALLET #1 FOR SHIPMENT (6) 


ALL GSE CABLING 6 
SECURE PANELS FOR 


FLEX LINES (6) 
SHIPMENT tl2) 


83 ms 


Figure 3-20* Forward Complement Installation and Test Sequence 
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# 1 * 


Space Division 
Rockwell International 


CONNECT REFRIGERATOR UNIT TO FACILITY 
MATER. 


A RECEIVE SPACELAB FLIGHT EQUIPMENT WITH SUBSYSTEMS INSTALLED; EXPERIMENT FLIGHT EQUIPMENT; CONSOLES; & SPACELAB/EXPERIMENT/CONSOLE-UNIQUE & COWON GSE 
Q TRAN SPORT ALL EQUIPMENT TO LEVEL IV WORK AREA OR TO STORAGE AREA (4) 

\ 1 PERFORM RECEIVING INSPECTION OF ALL EQUIPMENT EXCEPT THE SHUTTLE INFRA-RED TELESCOPE (SIRTF) (8) 

j | INSTALL SIRTF PAM EL "A 11 IN THE'PSS PANEL RACK(8) 

* | I IN STALL SIRTF PANEL "B" IN THE PSS PANEL RACK (6) 

[[] INSTALL INSTRUMENT. POINTING SYSTEM (IPS) PANEL IN PSS PANEL RACK (4) 

n CONNECT PSS PANELS TO &B57 AT PORT LEADING EDGE OF PALLET 42 (DIRECT SIGNAL CABLES) & TO OPERATORS CONSOLE (S/S & EXPERIMENT I/O UNITS) (4) 

I CONNEC T OPERATORS CONSOLE TO CB51 AT 5TAR BOARD LEADING EDGE OF PALLET 42 (4) 

P I CONNECT FREON SERVICER (6120B4A) TO REFRIGERATION (UNIT (61215A) 4 TO S/S FREON LOOP AT CB51 AT THE STARBOARD LEADING EDGE OF PALLET 42. 

1 1 SERVICE S/S FREON SYSTEM (10) j 

1~~| CO NNECT GSE FLEX FREQN LINES TO THE S/S FREON LOOP BETWEEN PALLETS 42 & #3 (5) 

- TTcONNECT GSE SIGNAL CABLES BETWEEN PALLETS #2 4 #3 (5) 

(J CONNECT GROUND POWER CABLE TO OPERATORS CONSOLE; TO PSS PANELS; 4 TO GROUND POWER SOURCE. COMMAND SPACELAB SUBSYSTEMS "ON" AT THE OPERATORS CONSOLE (Z) 

PERFORM RECEIVING INSPECTION OF SIRTF EQUIPMENT - VERIFY TELESCOPE IS EVACUATED (15) 

' LOCATE PALLETS #3/4 IN THEIR PALLET INTEGRATION POSITION 
LOCATE PALLET #2 IN IT$ PALLET INTEGRATION POSITION 

INSTALL HARNESS CONTAINING SC-6A,$C-7A & SC-BA BETWEEN CB53, PALLET 41, & THE IPS BASE CONNECTOR BRACKET (CB)(4) 

INSTALL HARNESS CONTAINING SC-3, SC-4, SC-$0,PC-3B, A PC-4B BETWEEN THE MIC & THE IRS/SIRTF I/F RING CB~(STOVI HEATER END FOR LATER CONNECTION) (8) 

INSTALL HARNESS CONTAINING PC-3A, & PC-4A BETWEEN EPDB, PALLET #2, 4 THE IPS BASE CB (5) 1 

_ INSTALL HARNESS CONTAINING SC-7B 4 .PC-6 BETWEEN THE CRYOGEN TANK HEATER 4 THE IPS/SIRTF I/F RING CB-(5T0U HEATER END FOR LATER CONNECTION) (8) 

| ' ' | INSTALL HARNESS CONTAINING SC-6B & PC-8 BETWEEN THE SUNSHADE ACTUATOR 4 THE IPS/SIRTF I/F RING CB-(STOW SUNSHADE END FOR LATER CONNECTION) (19) 

J INSTALL HARNESS CONTAINING SC-5 (9HRS) 4 SC-10 (REMAINING 13 HRS) BETWEEN CB53, PALLET 43 1 THE SIRTF ATTACH TRUNNIONS POWER/SIGNAL DISTRIBUTION BOX (SC-5), 4 THE SIRTF COVER ACTUATORS (SC-10)- 
1 1 (STOW DISTRIBUTION BOX 4 COVER ENDS FOR LATER CONNECTION (22) '| 

INSTALL HARNESS CONTAINING SC-9 4 PC-5 BETWEEN THE SIR1F ATTACH TRUNNIONS POWER/SIGNAL DISTRIBUTION BOX & THE EXPERIMENT RAU, PALLET #4 (SC-9)] I THE EPDB, PALLET #4 (PC-5) - (STOW DISTRIBUTION BOX END 
FOR LATER CONNECTION) (10) J 

INSTALL PC-7 BETWEEN EPDB, PALLET #4, 4 THE SIRTF COVER ACTUATORS - (STOW COVER END FOR LATER CONNECTION) (13) 

~ HOIST SIRTF TO PALLETS #3/4 i LOCATE IN POSITION (5) 

PERFORM ALIGNMENT OF SIRTF 4, TORQUE ATTACH BOLTS TO PALLETS #3/4 PER INSTALLATION DRAWING (8) 

’ CONNECT GROUND POWER CABLE ID SIRTF EXTERNAL POWER RECEPTACLE (FOR VACUUM PUMP)(1) 

CONNECT ALL CONNECTORS LEFT STOWED PRIOR TO SIRTF INSTALLATION (5) 



cm 



FOLDOUT fuamS I 


] VERIFY LEVEL IV INSTALLATIONS OF THE SIRTF EXPERIMENT USING THE'PSS PANELS (18) 

a. SIRTF PANELS A&8 MAIN POWER CONTROL 
k IPS MAIN POWER CONTROL 

c. POWER VOLTAGE AT SIRTF 

d. TEST COMMAND PROGRAMMED SEQUENCE RECEIVED AT SIRTF 

e. TELESCOPE COVER ENGAGE/DISENGAGE LATCHES (SIMULATED) 

f. TELESCOPE COVER EXTEND/RETRACT (SIMULATED) 

g. TELESCOPE TRUNNION ENGAGE/DISENGAGE (4 PLACES) (SIMULATED) 

h. IPS RING - TELESCOPE COUPLING (SIMULATED) 

1. CRYOGENIC TANK PRESSURE READOUT 

j. CRYOGENIC TANK PRESSURE QUANTITY READOUT 

k. SUNSHADE EXTEND/RETRACT (SIMULATED) 

l. SECOND MIRROR POSITION 1/POSITION 2 

m. SIRTF INTERNAL CALIBRATION 

n. VIDEO INSTRUMENT POINTING SYSTEM CONTROL FUNCTION 

o. SUN AVOID ON/OFF FUNCTION 

p. SIRTF MODE SWITCH AUTO/MANUAL FUNCTION 
q * CRYO FLOW RATE CONTROL FUNCTION 

r. CRYO PURGE DN/OFF FUNCTION (SIMULATED) 

s. ’WATER DUMP CONTROL FUNCTION (SIMULATED) 

t. - VERIFY IPS X. Y 4 Z CONTROL 4 RESPONSE (4) 


> 


f I COMK ANP SPACELAB S/S 1 s "OFF* AT THE OPERATORS CONSOLE 4 DISCONNECT ALL GSE CABLING 4 FLEX LINES 
] | REMOVE ALL CONTROL 4 DISPLAY PANELS FRCW THE PSS PANEL RACK 4 SECURE FOR SHIPMENT (13) 

| | SECURE PALLETS #2 4 #3/4 FOR SHIPMENT (8) 


HO^HRS 


Figure 3-21. 


( 8 ) 
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Mid-Complement Installation and Test Sequence 
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POSITION PALLET 1 FOR GA PA ASSEMBLY (2) 

POSITION PALLET 2 FOR CA ?/l ASSEMBLY (2) 

~\ POSITION. PALLET 3/4 FOR CA PA ASSEMBLY (3) 

POSITION PALLET 5 FOR CA PA ASSEMBLY (2) 

^ "I PERFORM ALIGNMENT AND LEVELING OF PALLETS (4) 

CONhjecT p SS P/Msl ELS to PALLET 1 (4) 

CONNECT OPERATORS CONSOLE TO PALLET 1 (4) 

CONNECT FLEX FREON LINES BETWEEN PALLETS 1 A 2 (4) 

CONNECT SIGNAL CABLES BETWEEN PALLETS 1 A 2 (5) 

CONNECT FLEX FREON LINES BETWEEN PALLETS 2 & 3 (5) 

~ CONNECT FLEX FREON LINES BETWEEN PALLETS 4 A 5 (5) 

^ CONNECT SIGNAL CABLES BETWEEN PALLETS 2 A 3 (5) 

CONNECT SIGNAL CABLES BETWEEN PALLETS 4 A 5 (5) 

CONNECT GROUND POWER TO ALL GSE EQUIPMENT (2) 

■v* VERf Y PS* PANEL CONNECTIONS (2) 

VBltfY OPERATORS CONSOLE CONNECTIONS (2) 

“ vtRtfY FREON SERVICER CONNECTIONS (2) 

VERIFY TOWER UP" READY FROM INSPECTION (2) 

APPLY POWER/VERIFY POWER CONTROL {2) 

nmAT? DUTY CYCLE SOFTWARE FOR FWD, MID, AFT COMPLEMENTS. RECORD PEAK POWER ” — 

** S(GNAl ^ CONTROL 0F EXpER,WENTS pER -GRAT.ON AND CHECKOUT p^WER DOWN/REMOVE GSE CONNECTORS ■ ~ 

WFPARATION OF PA for transportation TO LEVEL III II (24) 


S* HOURS) 


Figure 3-23. Combined Payload Assembly and Checkout Sequence 
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Lactawt space la* PLtonr 


INSTALL JtRTF WML V 
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ir EQUIPMENT VmIIH SUBSYSTEMS INSTALLED, RXPERIWNT PLIGHT EQUIP V£NT( CONSOU* Ate ltAaU^W•llMI^«/CON^OU4J^«Ol* t COMMON OK 
1 W BPQff All CQU1 PM£NT TO LEVEL IV WORK AKA OR TO 5TORAQE AM A 151 ^ 

]_fl*0«M RECEIVING INSPECTION ON ALL EQUIPMENT EXCEPT TKI 1HWTL* INFLATED TELESCOPE PACIL.TTY 0*TF] APO THE ACDA2M (PCRO Y <MMMA RAY DfrTCTO* CWOPU) jl) 

■A- ON 1HE PSS PANEL RACK W 3 

1 SHIP PANEL ON THE P5S PANEL RACK (») £* 

] INSTALL UV PHOTOMETE E/TELESCOPE (UV/FT) PANEL IN THE PSl PAF4L HACK {7) £ 

l INSTALL SMALL i NS r FUME NT POINTING SYSTEM (SIPS) PANEL IN THE PSS PANEL RACK (S) & 

L FA* U V SCHMIDT CA«*A VTELESCOPE P ANd | N FIS PAW L RACK (J) Hi 

1 INSTALL INSTRUMENT POINTING SYSTEM (IPS) PANEL IN PSS PANEL RACK U) 

JINSTAU WORD PANE L IN PSS PANEL RACK (J) ' '*-« 

J CONNECT PSS PANELS TO Cli7 AT PORT LEADING EDGE Of PAUET #1 (DLHCT SIGNAL CAM*!) 4TO OmATQtJ CONfcXJ (VI A VI UNfTfl W 

TcONWCT OfERATClH CONSOLE TO Ctll AT SIARROARD LEADING I DOE OP PALLET Pi |*) 

J CONNECT OSE PLfX FREON UNO TO THE 1/1 flfON LOOP RPTWtEN PAltCtl #1 « h Q| 

I CO NNECT OSE SIGNAL CARLES RtfWtENPALlLOS *1 A *1 W 

■ "j CONNECT PR EON SERVICE* t # *lK»*A)TO Hf RtOTRATlON UWT (P*IHT»A) i T0 1/1 N*ON LOW &/9*t AT THE COWNPCTOA WCOT ON POUT IUMN9,I90I OR RAUIT »l. CONNKTIM*, UNIT TO 
I CONrACT DH FLEK FPtq N UMJ TO TNI S/J Pmo N LOOP NIWIIN FAU*T» *4 A Ff <SR PAC RJTYHjfl, KRYlCI yt PWtON 1 YTOM (lift 

£ OONWCT G5l Ft EX NttON UNES Eo Wt t/i PRtONLOOP RtTW«N PAUlTt Pi A P| 0} 

H CONNECT OSE SIGNAL CARES RtIWEIN TAUtTS *4 4 « 

CONNECT G5E STOMAL CARO KTWtEH PAUtf( t f| S) 

CONNECT GROUND POYfER GAHI 10 PTOFtHAAL EQUIPMENT COP401£| TO OPTMTOW COfVCU'r TO R*J RANn»| 4T0 WOUND POKtl SOVKt, COMMA TO »*m>J JUHYITIMR W ATTMEPtORMWi 

EQUIPWE NT CONSOLE CO 



LOCATE PALLET * I IN ITS fAUit IN1EO RATION POSITION 
| HOI ST SIPS TO PALUT Rl A«I LOCATE. IN POSITION W 

] TOP QAM AllONMNT OP SIP! AND TORQUE ATTACH WLTt TO RAUIT R| RE* INSTALLATION PiAwlNO ft) 

| INSTALL KM WSJ CONTAINING PC- 1 (AC), PC-1 (DC), RC-I, K4, ANO K -I I KTWMN THE NPl CO NflCT. tlJCTVDNCS U NO ATM Ml, PAAiET »| (JC-I I PC-BR IM 
1 INST At L UV/P1 CANfSTfl ON rm SIPS on ippimconmcti no rTArtON |1) 0C. ■ *■ 

llNSTAU PAR UV SCHMfPT CA Ml«A t/U LI TC Of| CANUFIR ON THE ttDPi 


D*tllMnRftRU(IC>ll«an€OMnOUtlWIMtMRIW 

OONWOVWff^ RCJ . W*C0P4nK**MA|«| 


t/1 

u 


a 

I 


§ 


“O 

hO 


Co 

6* 

CO 

.1 


n iQ CA 


Lpc AT E PALLET P? IN ITS PALLET INTEGRATION POSITION 

" INSTALL HAR WS CONTAINING SC-SA, SC-7A i K-4A NlYrtE N CM3, PALLET *1, * TWt IPS IASE CONWCTOR RACKET (CR) H) 
“■ INSTALL HARNESS CO NT AIM NO FC4A, 4 K-»A RETWIE M TPM, PALLET *2 AND THE IPS EASE a U) 


1 P ERPQRM KECUVIMG INSPECTION Of SI IIP EQUIPMENT - VERIFY TEllSCOPl IS IVACUATID 05) 

1 1 L O CATE PALLET S ' V* ■ N T«EI» PALLET I NTEGR AS 10 N t OS ITION 

* [ | inst all HARNESS CONTAINING SCO, SC-4, SC-SR, PC -JR, I PC-4R KTWEEN THE MIC 1 THE IPT/SfRTP I/P (1 NO Cl - (STOW MIC END PCt LATH CONMCTFON) (4) 

“ I K I NTT ALL HAEMSS CONTAINING K-7* 4 PC -6 RETMTEEN THE CRYODEN TANK HEATER 4 tHE IfS/JlinR 1/P W NO OR- (TOW HtATtR IKO FOR LATH CONMCTROM » 

I j IN STALL HARNtST CONTAINING SC -41 A PC4 #W*E NTHl SuNSHAM ACTUATOR 4 THE IPS/SIRTE (A RINO d . {STOW SUhrtHAM END TO* LATE* CONNECTION) flU 

| INSTALL HARMS! containing sc + (? HIS) 4 JC-Tfl (REMATNINO IS HRS) RCTWEIN Q« ( PALLfT #| 4 IM MW ATTACH mmNKJNI POWtR/IIONAl WmilfUtlONKJX AND TM MTFOOVM ACTWTOtt t»W# 
I INSTAL L HARNESS CONTAINING SC-P I PC J IRTWIE N THR SHOP ATTACH TRUNMdp* POvUn/Tl ONRL nlTRIRUTION MX 4 TM IKKMMNTRAAI, PAUET *4 (RCvPJ, AND TM iPM, PAUET ** JPC-!) * 

1 I NT ALL PC-PKTYTUNEPM, PALLET *4, AND THE SIRtf COVER ACTUATOR! . PTOW COVER IMS R« LATTE OONMCTOH (1|) WOTlIUI »N *OX 

" 1 I hqB T SIRTF TO PALLETS »j/4 1 LOCATE IN POimON (*) 

I I perform ALlGhMNT OP WRIT 4 TORQUE ATTACH EOLTS TO PAUflSPy* PER INSTALLATION DRAWING W) 

IJcoNMtCT GROUND POWER CARLE IO SiRTF IXTERNAL POtrtl MCEPTACU fOR VACUUM IW) (I] 

T~) CONNECT ALL CONNECTORS LIFT ST Owl □ PRIOR TO JIRTP INSTALLATION (9} 


(ROWMtTlMUIMNKM 
INDKMUATtft 
CONNECTION CM 


^ IniPOIMHtCIlVlNO lNtP*CT»NOF MCGRDCQUIPMtNI 04 

I^T LO CATE PALLET *S IN TTS FALUT INTEGRATIONPOSITION 

I I INS TALL HA* MSS CONTAIN! NO SC. 1 1 4 PC-P MTWEEN EXPERIMENT RAU, PAUtT 'S(SC-H), 4 EPtW, PALLET Aj (PC-P>, 4tT« MfOC) - ttTCTW MOtD tMDS TO* LATH 
l l*? 4 * 1 VSO<OTO FAUIT Aj 4 LOCATE IN POSITION (j) 

l m |FtKU4MAUQP#4tNT Of MIORO 4 TORQUE ATTACH ROLTS TO PAUET l S PER INSTALLATION MAWIMII ft 
|J OONPCCT PC-1 1 4 rc-P CONNf CTCIS TO THE MiGRD (3) 

n VERIFY LEVEL IV INST At LAiioisiS Of THE UV/P t 4 f M UV KHMWT CAAMAI/flLESCOPC E MW HlWPWI UNPEG HI MML MW| (R) . 
a. SIPS MAIN POWER CONTROL FUNCTION ON-OPP 
I. CAM5TFR LAI/NCIVINTRY LATCH OPERATION 
e. SIPS OPERA TtON AIOUT 1 AXIS 

js. sirs opcration a pout y axis 

«. CANISTER 5 AICIUT YOKE Z AXIS 
4, jmiSOWClfCUUINTECRlTY, 
a, CANiSTFR ’A- PUROE PRESSURE 
fu SIPS SCHMIDT CAMERA DOOR OPS N/CLOSE FUNCTION 
I, SCHMIDT 5YSl£MMAtN POWER ON/OFF FU NCT ION 
, SCHMIDT SYSTEM CAMERA 1 A J ON/Of F FUNCTION 
LsCKMIOTSYSTEMTVCAMERASOPEIlATINGFLINCTiaN 

l, SCHMIDT SYSTEM FILM ADVANCE OPERATION 
ft. SCHMIDT SYSTEM DATA RETURN 

a. CANISTER PURGE PRESSURE 

d. FHOTQMfTER MAIN POWER ON/OFP CONTROL FUNCTION 

a. CHANNELTRONS (Cl TO C7) 4 PHOTOMETER (PM-1 TO FM-») LOW VOLTAGE ON/OPt 
CHANNELTAONS (CT-I to CT-7) 4 FHOTOMLTERS (PM-I TOF*A-4)LOW VCiTAW Ot*W 
r, PHOTOMLRR MODE CONTROL LOCAOREMOTl 
.. PHOTOMETER CALI (RATION SOURCE CT 1 PM ITVOUT 
Tt 1, PHOTOMETER COMMAND ENABLE/TRECUTE 

« «. PHOTOMETER STAR PRESENCE RELATIVE MAGNITUDE METER 

V, PHOTOMETER TRACKER LOCK ON/DfF 

m. rHOTOPAfTER DETECTOR MALFUNCTION POWER OP+Wf 

x. PHOTOM4TER DETECTOR MALFUNCTION AUDIO SELF/TOT 

y. PHOTOMETER 0 F E RAT I Cj N CO NT ROl F U NC T I O N 

WPlfY LEVEL IV INSTALLATIONS Of THE 5IR1T EXPERTMtFET UlINO THI Pll MNtU (it) 

i, SI RTF PANTL5 AU MAIN POWER CONTROL 
b. IPS main POWER CON1IOL 
t. PllWIfulHlAC.l A ■ *>|RTF 

A. MU f 1 iM/AAMliMOr.XAMMII) VlHUNCr RFCMVEO AT 5 HTTP 
Tin ’j r M-r [ , IVIJ! riK.AT.r thm ni.ac.f Latches (siMULATta} 

K minor! t ovi s rxirNn/triRACi ('.imulatid) 

0. TILL SCOPE TRUNNION LNG ACt/UISLNGAGE (4 NACES) ISIMULATTD) 
h. IPS RING - TELESCOPE COlJFtlNO (SIMULATED) 

1. CRYOGCF4C TANK.PRLSSURI READOUT-.* - - 

t. CRYOGENIC TANK PRESSURE QUANTITY READOUT 
A. SUNSHADE EXTEND/REUACT (SIMULATED) 

l, second mirror position i /Position t 

m, , SIRTF INTERNAL CAUB RATION 

n, VIDEO IN ST RUME FJT POINT I r-O $ YSTEM CONTROL FUNCTION 

o, SUN AVOID OH^OFF FUNCTION 

p, SIRDf MOOE SWITCH AUTO/MAT4UAL FUNCTION 

q, CRYO FLOW RA1E CONTROL FUFJCTION 
CRYO PURGE ON/orF FUNCTION (SIMULATED) 

». WATER DUMP CONTROL FUNCTION (SIMULATED) 

4* irs x, Y 4 t CONTROL l RESPONSE (J) 

Q VERIFY L EVfl IV INSTALLATIONS OF THE MIORD EXPERIMENT USING THI PU PAUL HACK ff) 

«. COMMA No 4 OUTLAY PANTL FOWTR CO K4ROL FUNCTION 
b. FOWL* TO EXPTRIMf NT ON^JFP CONTROL FUNCTION 

». high VOlTACt UITIR 4 LOW1R SPARK C HAMM* CONTROL FUNCTION 4 POWttVOLTAOl AT IKNUMINT 

4. TIM* OF FLIGHT FUNCTION 

«, SPARE DUMBER GAS PRESSURE CONTROL 4 DISPUV FUNCTION 
4. CRT AKRYlOARD FUNCTION 4 OUTLAY FOR IT1MJ • THROUGH ■ 



COMMAFK SPACTIA4 5LNSTS TEAKS W *1 THK mUPWIAL IQLHPMRNT CONSOU 4 DttCONPMCf. AUG* CARLING 4PUX UMt Tft 
' I REMOVE ALL CONTROL 4 C4SALAY PAULS ROOM THR Pit PtAKt RACK 4 SDOAW PAKLR PQA WpPNINT CPfl 
[XCUREPJ 


o o 

' ^ 2 

n 

§ s 

|i 

tie 


RXV 1 . 4 -V 


TTR 


PALLET '1 FEN SHIPMENT 0) 

Itam PALLET *$ FOR 1MPMNT (4| 

»CU« PAUlTt p| 4«V4F C i R WWFWiNr 4f 


Rockwell International 
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In addition to the basic level IV integration activities, payload related tasks during 
level Hl/il and I integration were identified. Level Ill/ll tasks are summarized in Figure 
3-25. It is recognized that these tasks are only a small part of the total Ill/ll integration 
activity. However, based upon an assessment of the currently available Ill/ll planning 
data, these tasks can be accomplished within the allocated time for payload related work. 
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| INSTALL PALLETS IN ON-LINE ASSEMBLY STAND{7.0) 

MATE IGLOO TO LEAD PALLET (10) 

MATE PALLETS 1 TO 2, 2 TO 3, 4 TO 5(7,5) 

CONNECT FREON SERVICING UNIT & SERVICE FREON SYST£M(14,5) 

INSTALL C&D PANELS INTO 0IA & CONNECT TO LEAD PALLET. CONNECT GROUND POWER (14. 5) 
| REFURBISH IGLOO i PALLET MLI(3) 

~] PERFORM PREPOWER. VERIFICATION (9) 

T1 SERVICE SIRTF SHe TANK (4) 


PERFORM PAYLOAD INTERFACE VERIFICATION TEST ON EACH EXPERIMENT IN SERIES (4) 


PERFORM DATA REVIEW(8) 

tB PERFORM SIMULATED MISSION SEQUENCE TEST(17} 

~| PERFORM DATA REVIEW(8) 

IjpERFORM AIR ENTRAINMENT TEST(2) 

DISCONNECT GROUND POWER, OIA & FREON $ERVICER(5) 

REMO VE C&D PANELS FROM OIA & TRANSPORT TO 0PF(6) 

“ * CLOSEOUT SL & PREP TO M0VE(9) 

] SHAKE DOWN INSPECTION^ 

| REMOVE SL FROM STAND & INSTALL IN CANISTER (12) 


L 


Figure 3-25. Combined Astronomy Payload Level Ill/ll Integration 


Installation of the Combined Astronomy payload into the Orb iter requires no unique 
activities. AFD control panel installation as well as pallet train/segment installation 
can be accommodated in the currently allocated time. 

On -pad operations for\this payload are also compatible with current allocations. 
However, the operations are rather extensive because of pre-launch servicing require- 
ments. Both the far UV Schmidt Camera/Spectrograph and the UV Photometer Telescope 
require GN-2 purge tank filling and the Schmidt camera must be loaded with film. The 
medium energy Gamma-Ray detector requires a check to determine if a top off is necessary 
of the Neon tank. The SIRTF has the requirement to pre-chill, fill and top off the cryo- 
genic system prior to launch. 

The use of supercritical helium in SIRTF requires substantial pre-launch preparation. 
A nominal timeline of activities is shown in Figure 3-26. Approximately 70 to 80 hours 
prior to launch the cooling system is evacuated to remove any traces of contamination 
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which rnay freeze block coolant flow. The system preparation, evacuation and checkout 
requires approximately 30 hours to perform. 



| HRS -MV-7D " -42 -34 42 4 -0- 

I | 1 1 — -H 1 1 



Figure 3-26. Supercritical Helium System Chill, Fill and Top Off 


The chilldown begjns approximately T-42 hours, with ambient helium under high 
pressure allowed to flow through a liquid nitrogen bath then through a liquid helium bath 
to a distribution box to the SIRTF cryogenic tank (Figure 3-26). The purpose of this dis- 
tribution box is to permit chilling and filling of the SIRTF system without disrupting the 
configuration. 

Post -flight deintegration activities are delineated in Figure 3-27. Although these 
activities are summarized in this figure, the analysis and time estimates reflect the same 
level of depth as the level IV integration (assembly) previously presented. At completion 
of the deintegration activities, the pallets are ready for refurbishment/staging for the next 
payload. 

Integrated timelines from the interaction of the staging activity at KSC through post- 
flight deintegration were developed for each option. Transportation times between sites 
as well as assembly/checkout activities are included. Current time allocations for KSC- 
STS operations were used. A mission reference time of seven (7) calendar days was also 
included. The summary timeline for the distributed options are presented in Figure 3-28. 
Lead center option summaries are presented in Figure 3-29; KSC options are presented in 
Figure 3-30. The numbers in each block refer to the functional activities defined in 
Section 2.0. 


ORIGINAL PAGE IS 
OP POOR QUALITY 


SD. 78-SR-0009-2 






Rockwell International 

Space Division 


10 


15 


20 

...i — 


25 

i 


30 

i— 


WORKING HOURS 


REMOVE UV/PI CANISTER FROM SIPS(6) 
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Q] REMOVE SIGNAL HARNESS FROM PALLET 2(1) 


| I OISCONHECT ALL SI RTF CONNECTORS ON PALLET TRAIN 3/4(4) 
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HOIST SIRTF FROM PALLETS 4 POSITION ON SHIPPING FIXTURES) 
1 REMOVE CABLE PC-7 (3) 
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□ SECURE SPACELAB INTERFACES (2) 


Figure 3-27. 


Level IV Deintegration - Combined Astronomy 
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Figure 3-28. 
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Combined Astronomy Ground Processing Flows 
for Distributed Site Option 


3-56 


SD 78-SR -0009-2 




Space Division 
Rockwell International 


WORKING DAYS 


OPTION Cl 


[2_ STAGING {2.0) 

M TRANSPORT TO PA YLOAD FACILITY (1.0) 

1 5 &6 [ e xperiment INSTALLATION & VERIFICATION (15.8) 

M TRANSPO RT TO O&C (1.0) 

1 & 12 I LEVEL IH/ 11 INTEGRATION {O&C) (8.1) 

13 I LEVEL I INTEGRATION (OPF) (9.0) 

14 | MISSION (5.-0) 

15 I LE VEL I/ll /III OEINTEGRATION (6.5) 
Til LEVEL IV DEINTEGRATION (2.5) 


I WORKING DAYS 


STAGING (2.0) OPTION C2 

TRANSPORT TO PAYLOAD FACILITY (1.0) 

5& 6 EX PERIMENT INSTALLATION & VERIFICATION (12.8) 

7_ IN TERIM PAYLOAD CONNECT (2.8) 

8 PAYLOAD CHECKOUT (3.4) 

9~ PAYLOAD DISASSEMBLY (3.0) 
jjj TRANSPO RT TO O&C (1.0) 

1 11 & 12 | LEVEL m/l l INTEGRATION (O&C) ( 8 . 1 ) 

13 I LEVE L I INTEGRATION (OPF) (9.0) 

14 MISSIO N (5.0) 

15 I LEV EL I/I I/ll I DEINTEGRATION (6.5) 
ITT LEVEL IV DEINTEGRATION (2.5) 


15 20 25 30 35 40 45 


50 55 


WORKING DAYS 


STAGING (2.0) ' . OPTION C4 

$ TRANSPO RT TO PAYLOAD FACILITY(I.O) 

1 3 &4 j EXP ERIMENT INSTALLATION & VERIFICATION (15.8) 

8 PAYLOAD CHECKOUT (3.4) 

~9~l PAYLOAD DISASSEMBLY (3.0) 
l TRANSPO RT TO O&C (l."0) 

I 11 & 12 1 LEVEL Hl/ll INTEGRATION (O&C) (8. 1) 

13 LEVE L I INTEGRATION (OPF) (9.0) 

U I MISSION (5.0) 

15 LEVEL l/ll/lll DEINTEGRATION (6.5) 

03 LEVEL IV DEINTEGRATION (2.5) 


Figure 3-29. Combined Astronomy Ground Processing Flows 
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Figure 3-30. Combined Astronomy Ground Processing Flows 
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LIFE SCIENCES PAYLOAD INSTALLATION & TEST REQUIREMENTS 

The Life Sciences payload consists of the Spacelab long module configuration. Experi- 
ment equipments are mounted in all of the available racks ( 1 0), on core and experiment mod- 
ule floor segments, and in the Orbifer cabin mid-deck and AFD. The habitable module gen- 
eral arrangement is illustrated in Figure 3-31. 



,7 

j Figure 3-31. General Arrangement for Life Sciences Payload 


This view, looking aft in the Spacelab long module, illustrates the key features of 
the life sciences payload. The majority of equipment items are installed in standard Space- 
lab racks. These divide almost evenly by volume between standard electronic or electro- 
mechanical units (amplifier, oscilloscopes, spectrometer, etc.) and special bio-science 
support elements (specimen holding units, surgical workbench, refrigerator, etc.). 

In addition to the rack-mounted equipment, significant floor installations are required. 
The monkey pod installation provides an environmentally controlled chamber for two pri- 
mates with automatic feeding and water systems and a controlled lower body negative 
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pressure. The rotating base assembly supports either a chair or gimballed platform assembly 
(normally stowed) and provides for controlled angular rotation or tilt rates. 

Considerable volume is required for the stowage of miscellaneous items for the life 
sciences experiments. This includes smaller instruments (centrifuge, microscope) consumables 
(specimen food/water) sirgical supplies, syringes scissors, etc. Some volume is available in 
the racks, including consumables. A multitude of smaller items are contained in the over- 
head stowage. 


The experiments included in the module and racks are shown in more detail in Fig- 
ure 3-32, 



Figure 3-32. Spacelab Module Rack Arrangement For 

Life Sciences Payload 
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Aft of the Spcicelab control center on the starboard side is a double rack of equip- 
ment including breathing gas analysis equipment — spirometer, pneumotachometer, mass 
$pectrometer~and supporting electronics* The next single and double rack contain common 
support items, known as CORE (Common Operational Research Equipment)* The next double 
rack contains metabolic rat cages and instrumentation for experiments X59 and 60. The 
last single rack and the single rack on the aft end of the port side contain pressure control 
modules and instruments associated with cardiovascular research on the primates in the floor- 
mounted monkey pod assembly. 

Half of the next double rack is occupied by experiment X-13 for the study of muscle 
protein loss in rats in zero-g. Experiment X-15, also installed in this rack, uses a primate, 
installed in an oscillating "chair 11 to measure effects of linear accelerations on the otalith 
response. The* chair is normally stowed. 

The rest of this double rack, and the next double and single rack include primarily 
CORE items. Jhe last experiment double rack contains three experiments associated with 
the use of the rotating base. Experiments 49 and 51 use a folding litter chair/table for 
instrumented human subjects. X~49will study blood pooling (cardiovascular alteration) 
while 51 will evaluate effects of motion sickness (oculogyral effects of rotation). X-66 
uses a gimballed platform and bull frog specimens to measure otolith output adaptation to 
zero-g. 

The AFD installation is shown in Figure 3-33. The mid-deck installation consists of 
temporary storage of specimens during launch and entry operations. 



Figure 3-33. Orbiter Aft Flight Deck Arrangement For 

Life Sciences Payload 
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Since the experiment equipment installed in the Spaceiab module is self-sufficient 
(with Spaceiab support equipment) no aft flight deck controls and displays are required. 
However, the standard Spaceiab CDMS installation will be included at- the Payload- Station. 
In addition, one life sciences experiment is designed to be located in the Orbiter. 

This experiment, X-5, will measure the ability of individuals to regulate autonomic 
functions, e.g., biofeedback. Instruments, galvanic skin response through blood volume 
pulse, provide measurement of success in self regulation for display on the Spaceiab CRT. 

An added life sciences instrument, a doppler ultrasonic flowmeter (not shown on 
chart) is installed in the avionics bay for use in measuring temporal arterial flow of an 
instrumented passenger during ascent and entry. 

Transport cages (not shown) for all primates and rodents taken to orbit are designed 
for attachment to the orbiter mid-deck floor just aft of the forward avionics bay. 

Applicable Ground Proce ssing Options 

An evaluation of the Life Sciences payload indicated that all but three of the ground 
processing options defined in Section 2 were applicable. The three exceptions were A-2, 
B-2, and C-2 because individual experiment/rack integration approaches require a level 
III assembly activity at KSC (functional block 10). The application of the other nine op- 
tions was evaluated to form the basis of all ground processing analyses. 

Figure 3-34 shows graphically the scenarios for Life Sciences for distributed site, 
lead center, and KSC. For the distributed site case, the basic philosophy requires ship- 
ment of Spaceiab racks/floors, RAU's, etc. and supporting GSE to Pi’s at multiple sites. 

At the Pi's site, experiments are installed/assembled to the Spaceiab equipment then tran- 
shipped to KSC for final integration including an optional off-line payload' level checkout. 
Only the handling and checkout equipment necessary to perform the level IV integration 
would be shipped to each distributed site. To these level IV sites are sent the appropriate 
Spaceiab flight and ground support equipment along with the appropriate simulation, test, 
and checkout equipment. The combined assembly and checkout of individually integrated 
elements could be accomplished either during Level I M/ll integration activities at KSC 
(A-l option) or in an "off-line" area at KSC (A-3 option) prior to entering info KSC-STS 
operations. 

At a lead center or KSC, Spaceiab equipment could optionally be received as indi- 
vidual racks/floors or as an integrated experiment segment, resulting in slightly different 
flow paths. The lead center approach provides for a total integrated payload checkout 
and experiment verification at a single site prior to being shipped to KSC. The sharing 
of GSE end items would be accomplished with appropriate planning/scheduling. If the 
individual experiment/rack buildup approach is used, combined payload checkout could 
be performed only during KSC-STS operations (B-l option) or at the lead center prior to 
shipment to KSC (B— 3 option). If level IV assembly is accomplished at the integrated rack/ 
floor level, the Life Sciences payload could be introduced into KSC-STS operations at the 
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level Ill/ll main-stand if allowable over-the-road transportation of 16 foot wide loads can 
be accommodated (B-4 option). If a 10-12 foot width is a transportation restriction, then 
disassembly of the long module and reassembly in the level 111 assembly stand is required 
(B-5 option-)-. 

Level IV experiment/Spacelab element integration options at KSC are essentially the 
same as for the lead center. The one additional feature is the lack of transportation re- 
strictions if a combined payload buildup approach is used. Thus, there is no comparable 
"C-5" option. However, the C-l, C~3, and C~4 options are viable alternative for ground 
processing of the Life Sciences payload. 

Installation/Integration Constraints 


Installation requirenents are dependent upon the location and inter-relationship of 
the experiment equipments. In order to establish the basic tasks, each of the generic ground 
processing concepts were assessed to establish reasonable groupings of activities. 

Distributed Site Options . 

Conducting level IV integration at twenty-three distributed sites that correspond to 
the experiment complement (Table 3-7) is not feasible. Theoretically, ten sites corres- 
ponding to the ten available racks could be used. However, examination of the experi- 
ment and common support -type items, as listed in Table 3-8, shows that some lesser number 
is more practical. Combining racks 11, 12 and floor segment 4 at one site allows complete 
integration of all experiment 76 - except one stowage drawer - and adds only two mech- 
anical stowage drawer installations not under the cognizance of this PI. Similarly, racks 
5 and 6 were combined_at one site since they are identical units, and presumably would 
be developed under one center/contractor. 

Racks 5 and 6, 7 and 8 were combined at sites also. Combining all four racks (5, 6, 
7, and 8) at one site was considered because they have similar interfaces (power/fiuid), 
similar installation and verification, and will probably be center/contractor developed 
common items. However, since different centers could be involved, and in the interest 
of broadening the distributed site option data, these were retained as individual site oper- 
ations. 

Of the remaining racks. No. 3 would be assigned to one of the three Pi's and the 
experiment equipment from all three experiments would be colocated. Floor segment ^2 
should be integrated concurrently since major functional interfaces are required. The com- 
mon support elements listed on the table would also be installed at this site. 

Rack 4 would be integrated with colocated experiment 58/76 equipment, with an 
X-49 transhipped module and the other peripheral equipment listed on the table. The 
same approach would be followed for rack 9 (X13/15), and rack 10 (X59/60). This anal- 
ysis resulted in a selection of 8 distributed sites which is a reasonable maximum consider- 
ing the life sciences experiment complement. 
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Table 3-7. Life Sciences Payload Experiment Complement 



Expt. 

No. 

Title 

Study Contract 
Center 

(1) 

X-3 

Rat Collagen Turnover 

ARC 

(2) 

X-5 

Biofeedback (OAFD Installed) 

ARC 

(3) 

X-8 

Insulin Resistance 

ARC 

(4) 

X-10 

Rat Plasma Somatomedin Concentration 

Stanford/ARC 

(5) ' 

X-ll 

Rat Urinary Excretion of 3-Methyl Histidine 

ARC/JSC 

(6) 

X-12 

Rat Proteolytic Concentration in Muscle 

Univ. of Tex/ARC 

(7) 

X-13 

In Vivo Muscle Protein Degeneration 

Univ. of Ca I/ARC 

(8) 

X-15 

Monkey Static-Otolith Activity Change 

ARC 

(9) 

X-21 

Mice Vestibule-Cerebellum-Vomiting Center 
and Hypothalmic-Pituitary-Endocrine Axis 

ARC 

(10) 

X-23 

Rat Brain & Renal Ren in -Angiotensin Alteration 

Penn St/ARC 

(ID 

X-27 

Rat Lymphoid Tissue Histopatho logical Changes 

ARC 

(12) 

X-39 

Monkey Resorption Rate Changes 

ARC 

(13) 

X-42 

Drosophila Development and Aging 

ARC 

(14) 

X-49 

Human -Cardiovascular Alteration 

Stanford/ARC 

(15) 

X-51 

Motion Sickness Factors 

San Jose St/ARC 

(16) 

X-58 

Human Pulmonary Function 

UCSD Sch. of Med. 

(17) 

X-59 

Rat Metabolism and Heat Balance 

ARC 

(18) 

X-60 

Rats Pyrogenic Fever-Salicylate Interaction j 

ARC 

(19) 

X-66 

Otolith Response Adaption as a Function of 
CNS Output 

JSC 

(20) 

X-68 

Erythrokinetics in Man 

JSC 

(21) 

X-74 

Cellular Immune Response in Man 

Baylor Univ. 

(22) 

X-75 

Basal and Light Activity Metabolism 

JSC 

(23) 

X-76 

Monkey Cardiovascular Dynamics 

Univ. of Ca 1/ARC 

(24) 

X-77 

Urine Electrolyte Determination 

JSC 
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Table 3-8. Life Sciences Payload Experiment Equipment 

Distributed in Spacelab 


Rack No. 

Major 

Functional 

Experiments 

Mechanical or Power 
Only Experiment 
Equipment 

Common Support 
Elements 

3 

X-49, 51, 66 

— 

Refrigerator and 
Centrifuge 

4 

X-49, 58, 75 

X-77 

Radioisotope Monitor 

5 

— 

— 

Rodent Holding Unit 

6 

— 

— 

Rodent Holding Unit 

7 

— 

X-76 

Primate Holding Unit 
& 60 Hz Inverter 

8 

— 

X-3 , 8, 23 , 59, 60, 
and 68 

Surgical Workbench 

9 

X-13, 15 

X-42, 75 

Refrigerator and 
Freezer 

10 

X-59, 60 

X-23 

— 

11 

X-76 

X-21, 42 

— 

12 

X-76 

— 

— 

Floor Segments: 




2 = FWS, Racks 3, 4, 
5 & 6 

X-49, 51, 60 

— 

— • 

2 = Mid, Racks 7 & 8 

— 

X-15 

— 

4 - Aft, Racks 9, 10, 
11 & 12 

X-76 

— 

— 
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The resulting site distribution of equipment is listed by cross-matrix of all experiment 
designated equipment in Table 3-9, Figure 3-35 illustrates diagrammatical iy the 8 site 
equipment assignments, and also identifies inter-rack electrical cable and plumbing require- 
ments. The interconnecting cable/plumbing interfaces would be experiment provided, but 
would not be accomplished at the distributed sites. Where functional interface verification 
is required at a distributed site in order to verify a rack installation, either duplicate equip- 
ment or a suitable simulator would be employed. For example, the blood pressure measure- 
ment system (BPMS) for experiment 49 is installed at Site 2, while experiment 49 is assembled 
at Site 1. At Site 1, an appropriate input signal to the rack 3 interconnect bracket is re- 
quired to verify satisfactory installation of the rack 3 cables and modules. 

At the conclusion of individual site installation and verification activities, the rack/ 
floor assemblies would be shipped to KSC, where optionally an interim hookup of the indi- 
vidual racks could be accomplished to allow for a combined payload checkout. 

Lead Center Options 

Performing level IV integration at a lead center could be accomplished either in the 
same manner as for distributed sites, i.e. individual rack and floor segments, or with a 
complete assembly of experiment dedicated racks mounted on the floor segments. A pri- 
mary advantage for the lead center over a distributed site in either case, is the ability to 
significantly reduce the required GSE. A primary disadvantage is the requirement to pro- 
vide travel funds for experiments personnel. The discrimination between individual racks 
vs. an assembled partial module occurs in serial/ peak processing activities as discussed in 
later analyses. The assembled option also allows installation of most of the inter-rack 
cables and plumbing which would otherwise be deferred to KSC. 

KSC Options 

These options have the same basic scenario as the lead center, however, transporta- 
tion is only required on-site at KSC from one facility to another. 

Ground Processing Equipment Requirements 

Level IV activities are initiated upon receipt of all of the equipment necessary to 
accomplish installation and verification procedures. This premise was applicable for dis- 
tributed site or central site activities. Basic equipment groups include Experiment equip- 
ment, Spaceiab flight hardware. Special Test Equipment- (experimenter provided) and Com- 
mon Ground Support Equipment (Spaceiab provided). 

Experiment Equipment 

The list of Life Science experiment equipment (by end item) was given in Table 3-9. 

The level IV experiment equipment totals 158 items that will be installed in racks and in 
non-rack locations such as on the floor segments, in the Orbiter aft flight deck, and in 
the Orbiter mid deck. Table 3-10 summarizes this equipment, and identifies differences in 
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Table 3-9. Distributed (Mini) Centers Experiment Installation 


MATRIX, LIFE SCIENCES EQUIPMENT - PORT RACK INSTALLATION 


RACK 


■ 


TIME CODE GEhtRATOR 
AUDIO MONITOR 
MICRODRIVE 
POWER MODULE & STRIP 

oscilloscope 

REFRIGERATED CENTRIF. 
REFRIGERATOR 


CARDfOTACH, FLOW MTR. PR. VI 8R. 
ECHOCARDIOGRAM 4, TV CAMERA 


ISOLATION AMPLIFIER 
ROTATING EASE CONTROL CO NSOIE 
OSC. RECORD & CHAIR CTRL 
CENTRIF. REFRIG. & GAS SHUT. 
(SPACELAB -EPSP4RAU) 


EXPERIMENT NO. 


42 49 51 58 59 6C 65 63 74 75 76 77 



SITE # 2 


MATRIX, tlFE SCIENCES EQUIPMENT - STARBOARD RACKS INSTAUATIQN 


x % 



NAME 

END 

ITEM 

CPU DATA REDUCT. & PRINTER . 
(GAS BOTTLE ASSY) - BEHIND RACK 
CPU POWER SUPPLY 
FLOW-VOLUME ELECTRONICS 

75-3 

58-6 

75-4 

58-3 

SPIROMETER 

BLOOD PRESS. MEAS. SYST. (BPMS) 
RADIO ISOTOPE SURV. MET. LIQ. SCIN. 
FLOW CONTROL UNJT 
MIXING CHAMBER 

75-5 

49-7 

68-4 

75-1 

75-2 

RADIO ISOTOPE AIR MONITOR 
INTERFACE PANEL 
(SPACELAB ICRS) 

76-28 

58-4 

MASS SPECTROMETER 
pneumotachometer ; 

STRIP CHART RECORDER 
URINE 6LECTROLITE ANALYZER 
(SPACELAB IPSP * RAU) 

58-1 

58-2 

58-5 

77-1 


EXPERIMENT 


10 11 12 13 15 21 23 27 39 42 49 51 58 59 60|6£ 68 74 75 76 77 



SITE * 3 


MATRIX, LIFE SCIENCES EQUIPMENT - PORT RACK INSTALLATION 


RACK 

k * 




RODENT WATER SUPPLY 
RODENT H.F. CTRLS/DISPLAY 
RODENT HOLDING FACILITY * 
(SPACELAB -EPSP) 


RODENT WATER SUPPLY 

_RODENT HF_CONT/ DISPLAY 

RODENT HOLDING^ ACIUTY 


(SPACELAB-EPSP 


EXPERIMENT NO. 


iC 11 12 13 15 21 23 27 39 42 49 51 53 59 60 66 68 74 75 76 77 
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Table 3-9. Distributed (Mini) Centers Experiment Installation (Cont'd) 


SITE #4 


MATRIX, UFE SCIENCES EQUIPMENT - PORT RACK INSTALLATION 



BLANK 

A-C INVERTER * 60 HZ 
PRIMATE H.F, CTRLS/D1SPI. 
(SPACEtAB .. ICRS - - EPSP) 


EXPERIMENT NO. 


58 59 601 66 68 74 75 76 77 



MATRIX, LIFE SCIENCES EQUIPMENT - STARBOARD RACKS INSTALLATION 




INSTRUMENTS/SUPPUES 
STOWAGE BLOOD ACQ. KITS 
RADIO ISOTOPE SAMPLES 
SURG’CAL WORKBENCH 


STOWAGE ANGIO. i BALANCE PAN 
STOWAGE - KADIOACI JVE WASTE 
STOWAGE - WASTE 
(SPACELAB-EPSP) " ~ 


MATRIX, LIFE SCIENCES EQUIPMENT - PORT RACK INSTALLATION 



EXPERIMENT NO. 



ISOLATION AMPLIFIER 
SIGNAL CONDITIONER 
STRAIN GAUGE PWR SUPPLY 
SCOPE SELECTOR 
A.C. POWER FILTER 


OSCILLOSCOPE 

|R ANALYZER/OUTPUT MONITOR 
* - /GAS FLOW CAL IB. 

RESPIRATORY CAGES 
VIBRATION REED ELECTROMETER 


STOWAGE 

DIGITAL TAPE RECORDER 
DROSOPHILA CAMERA (STOW) 


10 M i2 13 15 21 



58 59 60 64 68 74 75 76 77 


REFRIGERATOR - RAT FOOD 

.SLIDE TABLE 

FREEZER 

(SPACELAB *- EPSP A RAU) 


XXX X XXX 

XXXXX XX XX 
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Table 3-9. Distributed (Mini) Centers Experiment Installation (Cont'd) 
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Table 3-9. 


Distributed (Mini) Centers Experiment Installation (Cont'd) 


MATRIX, L'FE SCIENCtS EQUIPMENT - NON RACK-INSTALLED 



n 

LOCATION 

NAME 

.sis 


8 

EXPERIMENT NO. 

H 


10 11 12 

13 15 21 

23 27 39 

42 49 51 

58*59 60 

66 68 74 

75 76 77 

IV/lll 

1 

END 

FROG GIMBAL PLATFORM (STOW) 

W-8 

■ 




■ 

■ 

■ 

■ 

X 


IV 

e 

AISLE 

MONKEY PODS (A&B) 


■ 









X 

111 



X-15 FLOOR MOUNT 

15-9 




| ;/ \ 1 ' : 'U., 







IV 

i 

« 

ROTATING BASE ASSEMBLY 


u 



gg 


wM 



X 


1 


OMD 

rodent transporters 

3-1 

IB i 


X 


E^ki 


■ ■ 


X 


1 


m 

PRIMATE TRANSPORTERS 

b-tO 

wm 


■| 


X 





m 

III 

. 

OVHD 

HEMATOCRIT CENTRIFUGE (STOW 

P-2 








■ 

X X 

■ 

1 

_ 

REFRIG. 

FROG-HOLDING FACILITY 

66-7 

■ 






■ 




111 


AfSLE * 

MICROSCOPE-ARM MOUNT (5TQWID) 

6o-9 

■ 







.y. . ’• . 



III 


■ 

MONKEY OSCILL. PLAT. AACCEL.ftTOW 

15-1 





X 


■ 

■ 


■ ■ 

II 


OAFD 

RESPIRATION RATE MODULE 

5-1 

■ 


KM 







■ 

IE 


" 

GALVANIC SKINRESPON5E MOD. 

5-2 

1 


n 








II 


» 

ELECTROMYOGRAPH MODULE 

: -3 

■ 


mm 








II 

B 

•< 

BLOOD VOLUME PULSE ELEX. 

5-4 

■ 


El 








11 

B 

- 

HEART RATE MODULE 

5-5 

■ 


K9 





■1 


1 

II 

B 

« 

STOWAGE DRAWER 

5-6 

■ 


B 






■H 

m 

1 

m 

OR8.MID-DK 

ULTRASONIC (DOPPLER) FLOW METER 

49-6 



B 








III 


STOW 

MICROSCOPE 

68-2 

■ 



■v;y ; \ , 

,y. • '■ 






mm 


" 

MATING CAGE 

6o-5 




Bj Re 




Hraggl 




B 

POD ASSY 

TEMPERATURE MULTIPLEXER 

76-13 

■ 










iv 

8 


BASE, POD A 

76-15 

■ 


■ 

■ 



■■ 



Kfl 

IV 

8 


BASE, POD 8 

?o-12 

■ 







■ 



IV 

8 


PODS INTERFACE PANEL 

76-3 1 

■ 






■ ■ 




IV 

8 


MONKEY POD FOOD DRAWER 

76-27 

■ 


’ |B 

■ ■ 



■ 




I iv 

8 


h 2 o collection/filter assy 

>6-29 

■ 




■ 


I 

BE! 

B 


IV 

H 

*• 

FEEDEIVV/ATER SUPL. SIGN. CONDIT. 

7o-i| , 





■j 


HNj 

■ 



IV 

n 

*• 

CAMERA DRAWER, MONKEY POD 

76-32 j 









■ 

^RHy; 

IV 

IJ 

N 

WATER STORAGE DRAWER 

76-14 I 

■ 






H 




III 

wm 

STOW 

'HAND HELD VOICE RECORDER, 

5H 

■ 


MB 


■ ■ 




U . 

■ 

w 

B 

STOW 

ELECTRODES & AMPLIFIER-STOWED 

£i-6. 

■ 


■ 


■ 




RB 


IV/lll 

n 



51-2 

■ 








■ 

a| mm 

IV/lll 

'u 

ittI f*V| Wru\ 

1 1 fHrjyirl i 4 1 :IJ J U • ! 1 Id 





‘ ‘ J||| 



X 



MB H 

IV 

u 


jg 

>6-33 

■ 


B 



'fflmnm 



■ ■ 


- 

H 

EH 


- 




— 


■be 


M 

b5 

B 


ORIGINAL PAGE IS 
OF POOR QUALITY 


3-71 


SD 78-SR-0009-2 




































3-72 ORIGINAL PAGE, IS- 

SD 78-SR-0009-2QF POOR QUALITY 


f" * 


SC^ 


* 


Rockwell Internatio 

Space Division* 


RACK M (1) 


X21-1 

STOW 


X42-2 

PWRONiY 


X76 

*4, -5, -4 
-7,-11, -16 
-17,-30 


EPSP 


SC-13 


SITE 6 

RACK 9 (2/3) 



STOW 


X75-6 

X13 

-1,-2, -3, 
-4,-5, -6 

STOW 

X42-I 

X 3-4 
>WR ONL\ 

4X15 
-2, -3,-4 
-5, -6 

X 8-5 
?WR ONL'i 


EPSP 4 


RAU 


UK 


O m 7=r- 

-1,-3, -12,-13, 

-14, -15 -22, i ) 
-27.-29. -31, -fo 


FLOOR SEGMENT 4 


EPSP 

RAU 


X76 

-2, -6, -9, -10 

-18,-19,-20,-21, 

-23,-24,-25 


RACK 12 ( 

SITE 8 


-yrsr 


JPC-8) 


SC 4 4 


SJTE4 

RACK 7 (4/5) 


26V DC 




LOOSE EQUIPMENT 
X3-1, 15-1, -10 
8-2, 46-6, -7,-9 
49-6, -9, 68-2, -5 
51-1 


sb-i i 

(PC -20) 


(PC-9) 


PWfe. 

INVERT. 

X-I5_ 


| ICRS 


BSHF 

(X15) 

-7,-8,-11,-t2 


STOW 

X76-26 


CACD 


115V^C/400HZ y 


EPDB 




-1^«? HS 




HZ 


EPSP 4 
60 HZ 
OUT 


U5V60HZ(^)f 


"1 


XI 5-9 

MECHANICAL 

ONLY 

O 

(LEVEL Ml) 
FLOOR SEGMENT 3 


SC-6 


EPSP | 
1 


X23-2 


X59 (4 60)| 
-),-2,^ ir 6, 
-7,-8, -I2j 

I 




X5j? 

-4, -5, -9* -10, -11 

I 

X 


a. 


RACK 10(16/19) 

SITE 7 




EPS P 

STOW 


SURGICAL 

WORK 

BENCH I 


X68-3 


X68-1 

STOW 

X59-J£ 

STOW 

^STOW 

X8-I 

-STOW 

X |fd\v„ 

X3-3 

STOW 

RACK 8(1^17) 


SITE5 


RACK 5 (6) 


BSHF 

(X10) 

-1,-2, -a 


EPSP 


1 > 

SITE3 




she i 

RACK 3 (7/8) 


115VAC 60Hz(PC t U 


W 1 


X49 -1,-2, -3, -8 


X&6 

1,-2, -3, 
-*,-5 


X66-10 


X49-5 

(+51) 


X8 -3,- 


PWR 

ONLY 




EPSP 4 
RAU 


STOW, 

X51-2 
X68-8 

FLOOR SEGMENT 2 



SC-1 


^C-2 


I 


RACK 6 (15) 


Q 


EPSP 

1 

1 

EPSP 4 
RAU 

X75-l,-2 







X77-1 






5SHF 

l 

j 

X59 
•If -2# 
-5,-6 


(X3) 

1 

| 

X49-7 

-5, -6,-7 

1 

1 

X75-5 



ICRS 

X5B-3 


J 

X58-4 

X75 

^f-4 


1 

1 

1 

X76-28 




-1. 


RACK 4 (13/M) 

SITE 2 


SPACE LAB 
RACK T 


VIDEO 


EX 1.0* 
EX, COMP. 


FLOOR SEGMENT l 


HDRM 


400 HZ INVERT. 

HDRM 

HORR 

VIDEO KJ5 


RACK 2 

CABLES- PWR * (PC-1 THRU ?42<ll 

-SIGNAL SC-1 THRU 1542U 
*** • PLUMBING (4) (A THRU D) 1 
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assembly level among concepts. All 97 end items and 20 rack cable sets can be installed 
at distributed sites, as well as at a lead center. Three of the four floor installations could 
be completed at distributed sites. The monkey chair base plate installation was deferred 
to Level III in this case. Eleven of 13 plumbing sets could be installed. Thus, deferring 
2 sets for Level III with the distributed site concept or a non -integrated option at a cen- 
tralized site. Of the total of 26 inter -rack cable harnesses, only six can be installed in 
distributed site or non -integrated centralized site lead center options. Even with a pre- 
assembled payload, however, 2 of the twenty-six must be deferred to Level III. Bio- 
specimens in their transporter cages will be installed into the Orb iter at Level I, although 
previous inspection and preparation could be required at the sites noted. 


Table 3 -10. Life Sciences Equipment Requirements Summary 
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Spaceiab Flight Hardware 

Spacelab-unique equipment consists of all those items of Spaceiab equipment that 
are normally provided by the Spaceiab program. A list of the required Spaceiab equipment 
is shown in Table 3-11 . The major equipment items required for Life Sciences Level IV 
experiment installation and interface verification are the single and double racks, EPSP's, 
EPDB, RAU's, CACB, ICRS's, triple floor segments and a double floor segment. 


Table 3-11 . Life Sciences Payload Spaceiab Interfacing Equipment 


i 
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Ground Support Equipment 

The Ground Support Equipment (GSE) listed in Table 3-12 is common Spacelab pro- 
vided support equipment that is used for Level IV experiment integration at each of the 
eight distributed (mini) sites or a lead center/KSC. These GSE Stems will be used for in- 
stallation and verification activities. Additional equipment items are used for transport 
and handling of Spacelab Flight Hardware. It can be noted that a lead center concept 
requires considerably fewer items than the total of all distributed sites. 


Table 3-12. Life Sciences Payload GSE Requirements 
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Special Test Equipment 

In addition to the Spacelab oriented GSE, several items of experiment unique test 
equipment were identified (Table 3-13). These items would be provided by the experi- 
menters and used during verification tests. This special test equipment is solely for inter- 
face verification purposes; it is not intended for use in conducting performance/specifica- 
tion tests. 


Table 3-13. Life Sciences Payload Special Test Equipment 
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Installation and Test Procedures 

Level IV installation and test activities are similar activities, whether performed at 
distributed sites, lead center, or KSC or whether the integration is accomplished by indi- 
vidual rack or at the payload level of assembly. The major difference occurs in that ex- 
periment verifications would be performed after installation on all racks/floors in the case 
of payload level buildup rather than after each individual rack is assembled. 

Assembly Procedures 

The assembly procedure for the Life Science experiments consists of mounting the 
experiment end item modules into the standard 19-inch Spacelab racks and on the floor 
segments. The assembly procedures are based on standard Spacelab installation methods 
which will provide high operational reliability and safety. The assembly procedures, in- 
cluding inspection, will assure: 

(1) Smooth and even contact between assembled components, 
both electrical and mechanical 

(2) Application of specific torques 

(3) Assurance of non-interference between end items 

(4) Alignments as required. 


Assembly will be conducted in approved and designated area only and by properly 
trained personnel. 

The rack frames arrive at the Level IV experiment installation site with the rack sub- 
systems premounted. This includes the RAU's, power systems, and EPSP. The racks are 
either positioned on the rack frame stands for Level IV activities, or arrive in an assembled 
payloads configuration. The Life Science experiment modules are then mounted into the 
rack frames (and floor segment) and the appropriate electrical and fluid interfaces made. 
This includes electrical harnesses, command and data cables and fluid line connections. 

This same installation procedure is used at the distributed sites, lead center, or KSC, 
The basic procedure remains unchanged whether an individual experiment or a complete 
payload is processed through a Level IV installation activity. All necessary installation 
items will be available at the Level IV site prior to beginning the installation sequence. 

A series of flow diagrams was prepared to define the basic sequence of operations 
for the assembly process. Figures 3-36 through 3-43 define these sequences for Sites 1 
through 8, and would be the same for lead center concepts with non-assembl'ed rack frames. 
Figure 3-44 illustrates the flow diagram approach for an assembled payload. 
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STEP Ii PLACE RACK FRAMES WITH AMOUNTED 

EQUIPMENT OH RACK FRAME STANDS AND 
INSTALL PACKS 5 A A EXPERIMENT MO COLES 
The rack f«une» arrho C* the Level IV alto 
the rock tyUfttBTO pre««W. Thk JadudM 
the RAU'«, panel jytterm, EPD€, lie !•>••», a*rf 
plumbing, Alter the rod framei on peatllonad 
dc the ioA Frame rfandj, the Eoek 5 hi exparf- 
men) module* ore nounled into the rack (rennet and 
ihr (jppropiijl* electrical and fluid interface* **d* 
Ihlt include! elect I real hoi J * 

dote Wt, end fluid line or 



STEP 2:CONNECT C-SE LINES, CABLES AND PLUMING 

I ATmr lha experiment rock* end trontpart broad Cf» 
I secured, I hr oppruptht* experiment checko-jt end- 
pjppafl equipment ore I rolled. Them tncluda 
power cad dde coble* ond fluid Una c^-XKtori 
which ora uxujacted to their reipectfva interface*. 
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STEP 3. EXPERIMENT CHECKOUT AN) INTERFACE 
VERIFICATION 

Alter GSE connection the experiment! will undergo 
checkout ond interface verrf! cation. The peripheral 
equipment ond checkout console will operate -nd 
control I be experiment! , perform fwlt i»To«i(m ond 
Trotble shooting, dote record ond dltploy, end ilm- 
ulote experiment function). 
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LOAD EXPERIMENT RACKS INTO CONTAINER 


Figure 3-38, 


STEP As PREPARE FOR TRANSPORT 

ATlrr coavplatian of interface veriRectlor the 
rcckl will be pcaporrd foe lhlpmar*. Experf- 

ment rocks will he loaded Wa rack handling 
and traraport kit shipping certain*. 
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GROUND ASSEMBLY FLOW, SITE 4 


I 


SITE H SACKS 7* It 7b 


RACK f7l EQUIPMENT 


SEQUENCE OF 
INHTAUA7K3M 







JTEP t: 'PLACE BACK FRAMES WITH P REMOUNTED 

EQUIPMENT ON RACK FRAME STANDS AND 
INSTAU. RACKS 7ta & Tfc EXPERIMENT MOD- 
ULES 

Th« dentil ■ kkA from* a-ri * ■ t of (ha Laval IV 
ill* with th* rack wjbiytteiini pfamounltd. TKh 
Include* Ik* RAU'I, f^*r ijatam*, EPDS, l»t- 
neuai, and plutrimj. Aller Jh* double met 
frww* It pwifiooad «i Hre «uk Troma itwxJ, th* 
Sock 7a & 7b *xp*ririttnt module* or* noirnl*d 
Irtfa tk» ro-di frame* and the appropriate «l»clfieal 
and fluid Interfuse* rtmi*. Tha Jndudai electrical 
hameu**, command and data tw* and fluid Hm 
ewndiailt 
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STEP 2:CONNECT GSE LINT5 r CARIES AND PUIMBINC 
After th* experiment wcki and I reimport brace i are 





STEP 3: EXPERIMENT CHECKOUT AND INTERFACE 
VERIFICATION 

After G5E connection ih« experiment* wllljundcrpo 
ekeekairl ond Interfoct verification. The peripheral 
*qvTpnwnt and checkout aanvalc will epemM and 
control the exparlnenU, perform fault f«ofotion and 
trouble fhoottng, dole rcccrd and dliplo,, and *in*- 
utot* experiment fun el ion*' 


STEP ± PREPARE FOR TRANSPORT 

After completion of Interface verification 
Hie reek* will be prepared 
for ihipOMnt. Expatiated rack* will be loaded 
Into shipping cwtainer. ‘ 
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.rack # 7b equipment 


SEQUENCE OF 



FOLDOUT FRAMi | 


LOAD EXPERIMENT TACKS I NTO CO NTAt f-«l 


Figure 3-39, Life Sciences Ground Assembly Flow, Site ^4 
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GROUND ASSEMBLY FLOW, SITE 5 


5371 #5 RACK Ml* 6b 
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STEP 1* TtACE BACK FRAMES WITH PREMOUNIED 

EQUIPMENT ON RACK FRAME STANDS AND 
INSTALL RACKS h i ib EXPERIMENT MOD- 
ULES 

TT>» double rack frcrr» arrives ct the Laval IV 
JN with rtw rack Subsystem* pnmovnf »d . This 
Includes Hi« RAU's, power systems, £PDS, bar- 
I»w*, OOJ plumbing. Ail a r «h« crvbfo nek 
Tram* ft posit ionad on tbe nek fronva stand, tba 
Bade ,4b & «b experiment rood u In an counted 

Into HSa nek fnarnoi and |fv* apfOZ-pr'cte electrical 
«»d fluid interfaces made. This includes electrical 
Sam»n« ( coruimd end dato but and fluid ifn* 
Onnidleni, 
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STORAGE 


INSTRUMENTS 
AND SUPPLY (STOW} 
El *3-2 

«UQGO ACQUISITION 
KITS (STOW) 

El #8-1 


RADIOISOTOPE 
SAMPLES (STOW} 

a*M 


5- 

4. 


SURGICAL WORK BENCH 
Et '«-3 


STORAGE FOR 
X3,X8,X23 j X59, 
X60, 8.X6B 



PAG® |a 
OP POOR QUAU1Y 


RACK 8b EQUIPMENT 


STEP 2:pDN«CrCS6 LINES, CABLES AND PLUMBING 
After the txparTmanl rocks and transit brucei an 
Secured, |he epprepriofe experiment ch edkttit Cod 
tuffjtorl equipment ora Installed. These Include 
fKFw*t tmd tkXa cablet end fluid line cannecten 
which era connected to lb sir respective Interface*. 



ANGIOTENSION & 
BALANCE PAN (STOW) 
0 #23-1 

RADIOACTIVE WASTE (STOW} 
E| *3-2 


EXPERIMENT MINDER 


SURGICAL WOPX BENCH 
El #6S-3 


CHECKOUT CONSOLES U 


\ 




STEP 3t EXPERIMENT CHECKOUT AND INTERFACE 
VERIFICATION 

After GSE cwinectjpn the experiments will yndet^o 
duckouT Olid toaribee verification- The parish* ml 
aqulpmantond checkout Canute will operate end 
central the txptrlrartfi, perform RmltJrialaNon and 
(rouble shooting, data racoedard dliploy, and sim- 
ulate axparirrwnt function!. 
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STEP 4: PREPARE FOR TRANSPORT 

After completion of interface varificailm 
die rack* will ba prepared 
For shipment. bperimanl rocks will he (coded 
into shipping canto loaf. 
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Figure 3-40, Life Sciences Ground Assembly Flow, Site #5 


3-85, 3-86 


FOLDOUT FRAME 


SD 78-SR-0009-2 







Sirs ft BACKS 9 k 9 b 


GROUND ASSEMBLY FLOW, SITE 6 


RACK Sk. EQUIPMENT 


STEP- tr HACE RACK F RAMES WITH PREMOUNTE D 

EQUIPMENT ON RACK FPjy.sE STANDS AND 
INSTALL RACKS ?*. A 9 b EXPERIMENT MOD- 
ULES 

Th* doubl. reck frame anriv** of th* Lev*! IV 
ill* with tti* mete ubryitera piwiounted. Thli 
Il>ctl*Ul Hi. RAU'i, power EPOS, hgr- 

mub, and plumbing. Aftir tk* double reck 
fnro. It petltfomd on tfiu rock fro mo itund, lh* 
Rack 9k & ‘9b «xf4/i(t>enl rrodulet aw ncunlud 
feta tW rndr frrxn .1 ovd th. opproprioto ulectrical 
taxi fluid inl«ifoc*t mad*. Th is include! elec Ir Ted 
hcmiucj, conwnord and data bu» and fluid lin* 
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B-CHANHEt SIGNAL 

coNomow* 

El ' 15-3 

STRAIN GAUGE 
POWER SUPPLY AW. 
El ' 15-2 


I R ANALYZER A 
COMPUTER CONTROL UNIT 
Ei'ia-3 


STEP fcCONhCCTGSE LINES, CAM.ES AND PLUMING 

ATI.r the experirran! rack* and transport Scan*) era 
tenured, Hwqppnprldg experiment checkout- nnrf 
Uippcrrt mpifpmenl <rre Impelled, There include 
Fewer nnd data cablet crvJ fluid iTrvs coaneetort 
which W* Connected to their retpectfva htwfini, 


IR ANALYSER 4 
GAS FLOW CALIB. 
El ' 13-3 


RESPIRATORY 
CAGES 
El ' 13-1 


ORIGINAL PAGE IS 
OP POOR QUALITY 



4 . STOWAGE 


4 , DROSOPHILA CAMERA 
(STOW) Ei ' 42-1 


3 . REFRIGERATOR 
RAT FOOD 
£ 5 * 3-4 


POWER i PERIPHERAL 
EQUIPMENT 


CHECKOUT CONSOLES > 





After GSE mnnacHcn rfio coqxlifl*fllt will undergo 
clwcVou? and inleifoce vorificolian, Th. peripheral 
equipment and checkout cored o will operala cod 
control Hk> experiment*, perform fault ivaltH ion erwd 
trouble ihoOting, data record end dbplcy, and lim- 
u lata •xparim.nl fuCKtieru. j 


i* freezer 

El' 9-5 


SPACE LAB POWER 


STEP 4t PREPARE FOR TRANSPORT 

After complilia/i of interface vatificoticyi 
the racfci will b. prepared 
far shipment. EjqjerTmant rucfei wilt be loaded 
into (hipping eodtuiner. 


LOAD EXPCTIME NT PACKS INTO CONTAINER 



DIGITAL TAPf RECORDER 


STORAGE 


3-87, 3-88 


Figure 3-41, Life Sciences Ground Assembly IFiow, Site ^6 


NOTE: THE FLOOR MOUNIED XI 5 MOUNTING 

PLATE FOR THE MONKEY CHAIH/PLATFORfV 
ACCPLEROME 7 ER ASSEMBLY WILL EE SHIPPED 
DIRECTLY TO KSC FOR BOLTING TO THE SPACELAB 
FLOOR. THE MONKEY CHAIR, PLATFORM, «. ACCEL- 
EROMETER WILL BE STOWED ONBOARD IN VARIOUS 
STOWAGE AREAS AND ASSEMBLED FOR MONKEY 
ACCELERATION TESTS. 
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STlP^fe- -PLACE BACK FRAMES WITH P HEMOUMTEO 

EQUIPMENT ON RACK FRAME STANDS AND 
INSTALL RACKS )a, A 10b EXPERIMENT MOD- 
ULES 

The double rod Fnm oiEvUOUIm Uval IV 
ill* with iha rod wbtystttni p/*jt>c<jnt*<f. This 
ItHtWe* iK* RAU>», p™*r intern, EPDS, bar- 
[MU4i, ond pJumi>ir>g. After th* double reck 
Tract)* h pscilisn*d on tR* reek frame itatti, the 
lad l(b & 10l> experiment modules ai * B*5unJ*d 
into the rad fromei raxl tba oppropricit* eleetfienl 
and fluid Irtferfacec nd, Thii Irctudet eleoFriccI 
doh tun end Fluid I in* 
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RAT CAGES 
AIR FILTERS 

ei ' 59-11 


METABOLIC PCVB/ 
PYROGEN TUNING 
El '59-4 

05CIU.0. SELECT EI *59-10 


TAPE RECORDER (ANALOG) 
El *59-2 


TORSION BALANCE (SLIDE UNIT) 
El ^23-2 


METABOLISM 
FLOW METERS 
El *59-3 



2.-C0NNECT GSC LINES, CABLES AFC PLUMBING 


\ After ftw «xj»rirr»rrt rucki <rsd transport bnWM Ctl 
noxiii, the opp-opr'of* axparlnranF derfoout o rt 
»«f^KF aijuTfmnt t« tnitalM. Tbes* Include 


SEQUENCE Of 
INSTALLATION 





After GSE connection rise <ucperfrr.tnh will ur>Jar$io 
«J**d«it and interface verification. The peripheral 
equipment and checkout console will operate ond 
centred the experiments, perfonr. fijlt isolation and 
trouble charting, date record or>d diipl <tf, and ilir- 
ulot* e^erlnwrl functions. \ 
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STEP 4: PREPARE FOR TRANSPORT 

AKar completion of Interface verification 

rf>B reds will be prepared 

for^sTpment, Experiment racks t»Ht be I coded 
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WATER SUPPLY/ACCESS 
El '59-9 

OSCILLOSCOPE 
H *39.(4 


METABOLIC CAGES 
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El *59-7 
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El *59-12 
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load EXPERIMENT RACKS INTO CONTAINER 


ORIGINAL PAGE IS 

OE POOR oitat iw 


Figure 3-42, Life Sciences Ground Assembly Flow, Site ^7 
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STEF I: PLACE RACK FRAMES WITH PREMOUNTED 

EQUIPMENT ON RACK FRAME STANDS AND 
INSTALL RACKS IT 4 12 EXPERIMENT PANELS 

The rod: firm* citnli at the Ltvil IV liMViirtl 
ih* rock subsystem! pteroounN d. This ireludw 
the RAUV, power tyiMrm, EPOS, ooTd pleies, 
he masses, end plurnhfrtg. Afnrfl* rrTOkfrarai 
La petitioned on the reek fro ma stand, the Rode 
Li & 12 penal) ere mounted tn»o the 

rock frcxnei cmd the appropriate intarfoeei trade. 


INTERFACE PANEL‘S 

yro 
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X 



El *74-27 
El *74-29 
El *76-31 
El *76-32 
El *74-13 
El *76-14 

El *76-33 (UNDO FLOC*1 


STEPS; PLACE MONKEY PODS A 4 SAND POO EASES 
A A B ON SPACFW& FLOOR SEGMENT AND 
JNSTAU EXPERIMENT PANELS 

The noer *a^nent orrlvet at the Leval IV ail* with 
the flow tepiwnt * Any items prenvwnted. This In- 
clude! the hens rr>w, EPOS, ™l plundjinn, Alter 
ft* nonkey pods and bcun ere mounted on the floor 
tejjrerrt, the experiment pore It era mounted into 
the pod base*, the pirrf assembly i« nwunrad under 
the Floor, ond the appropriate eleetrleal end fluid 
interfaces made. The monkey pods end here*, when 
delivered to the level IV aifn, ere nod/ for direct 
tnjttd lotion emto the f l&ar segnent end only minor 
tuUyiteas eryjfprrent neod be installed. 
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SEQUENCE OF 
INSTALLATION 
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OSCILLOSCOPE SWITCH 
SELECTOR 
El *76-7 


TELEMETRY RECEIVER POD t 
El *7 6-e 


UPPER POD A 
FLOW CONTROL PANEL 
£1*74-30 


demodulator POD A 

El *76-17 


UPPER POD 6 
FLOW CONTROL PANEL 
El *76- JT 


X 


RACK and floor 

TRANSPORT BRACES kit 


X 






ORIGINAL PAGE IS 
OF POOR QUALITY 



STEP 4, CONNECT GSE LINES, CABLES AND PLUMSING 
After the experiment rocks, monkey pexk and bases, 
and transport t races are secured to the Floor iej- 
— mint, th* appropriate experiment cfirrckaut trod 
support equipment ere Installed, HieM TftcVtrfe 
power end data cab !■» end Fluid line connecter* 

• whkh ere can nected to the?: respective intenfijr— 
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RACK *l2 EQUIPMENT 


CAELi HARNESSES 


ST*P4s PREPARE FOR TRANSPORT 

After oanplatlsne* Inltifos* verification 
the Mela Old doer segment will be prepared 
foe shipment. 


After GSE correction the estperine 
go check? Jt end interface verification, The peri- 
pheral eqatperenl and checkout emirate will operate 
and caetrol the type rime nil, perform Fojlt Isolation 
and trouble shooting, do to record and display, and 
ilrmjloti experiment foncricro. 



CHECKOUT CONSOLES 


Figure 3-43, Ufe Sciences Ground Assembly Flow, Si 
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STEP 3j PLACE AND SECURE EXPERIMENT MOUNTED 
HACK FRAME S I L 4 12 0 N spacelal floor 
SEGMENT AND INSTALL RACK AND FLOOR 
TRANSPORT BRACES KIT 

The experiment mounted reck frame* II S 12 are 
fa dolled on the SpaoeToh fl oor legtnerJ together 
with the rock end floor transport brace* kii. At 
thfr time the rock to rook raid rock to floor segment 
interface* an node- ThH Include* elect; tool har- 
^ rwaee, esxrrorevd end dote bus end fluid line ccnweeHerw- 

SEQUENCE Cf 

INSTALLATION ... 

rr CONTROL CALIB. GASES 

11 £| *74*25 



JO-CHANNEL SI GNU. 

coNemohiii 

El *74-2 


HEART MT£/DlfF. 


MASS SPECTROM. 
4 SAMPLE valves 
El *76-20 
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PRESS (LBNPJ PAMtL 
El *76-10 
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-HACK AM) FLOOR TRANSPORT BRACES KIT 


. LEAD CENTER/lCSC - LIFE SCIENCES PAYLOAD GROUND ASSEMBLY OPTION 



STEP I: PLACE RACK FRAME ASSEMBLY WITH PC- 

MOUNTED RACKS, FLOORS AND EQUIPMENT 
ON RACK FRAME STASCS. INSTALL RACK 
EXPERIMENT PANELS. 

"flic roefc/floor assembly cmvws at th* LW IV 
site with ell elements assembled. This includes 
the RAU‘s, posvsr systems, EPDS r ham*ts**, and 
plumbing. After the assembly U positioned in the 
facility, the Rock experiment panels or* mountW 
Into Hie rock frames and the appropriate Intnfocei 


STEP 3: PLACE ROT AT I NG/Tl LTING BASE ASSEMBLY 

ON SPACELAB FLOOR SEGMENT AND ^SSEMBJl 
LITTER CHAIR-TILT TABLE OR GJMBAL PLATFORM 
ON BASE FOR EXPERIMENT TESTS i 

The floor segment arrives at the Level IV sit* with 
the floor segment subsystems premounted, | ThH in- 
cludes the harnesses, EPDS, ond plumbing. After 
the rotatmg/tlftlng bosc assembly is mounted on the 
floor segment, the litter chair-tilt table or th* D [r»- 
bol platform will be assembled an rise rotatir^j/tiltlr^ 
base for acceleration/ rotation tests. The approptW* 
electrical and fluid interfaces will then be mode. 

The rotating/tilrlng base, rhe Jitter chair-tilt ftAd*, 
and gimbai platform, when delivered to the Level 
IV site, are ready for direct Installation onto the 
Floor segment and only minor subsystem equipment 
need be Installed. The lifter choir, tilt hcfalo, and 
gimbal platform are stowed items when not mounted 
on the rotating base for accefeiatlon/rotatioo tests. 

I 
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ROTATING BASE ASSY 
M. '49-* 

(DRIVE MECHANISM & 
TILTING BASE PLATE) 
SPACELAB FLOOR 


STEP 2t PLACE MONKEY PODS A & B AND POD IASS 
A & & ON SPACELAB FLOOR SEGMENT AIM) 
INSTALL EXPERIMENT PANELS 

The floor segment arrives of the level IV sit* with 
the floor segment subsystems p remounted. This in- 
clude the harnesses, EPDS, ond plumbing, AfW 
the monkey pods and bases are mounted or the floor 
Segment, the experiment panels ore mounted into 
the pod Bases, the pump assembly Is mounted under 
the floor, and the appropriate electrical and fluid 
interface* mode. The monkey pods <md base*, wh*a 
delivered to the Level IV site, are reody far direct 
Installation onto the floor segment and only minor 
subsystem equipment need be installed. 


SPACELAB FLOOR 
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DE POOR QUALIW 



RACK AND FLOOR TRANSPORT BRACES KIT 


HOLDOUT FRAME / 




STB> A- CONNECT GSE LI NES, CABLES AND PLUMBING 

After the experiment rook*, monkey pod* and bases, 
and transport broces are secured to the floor £*fl- 
flient, the appropriate experiment checkout and 
suppart.l^uipment are Instolled, These Include - 
doto cables and fluid line connect on 
wfrich are connected to their respective Interfaces. 


EXPERIMENT CHECKOUT AND INTERFACE 
VERIFICATION 

After GSE connection the experiments wilt und*t- 
go checkout and interface verification. The peri- 
pheral equipment and checkout console will opnrot* 
and control the experiments, pertain fault isolation 
and trouble shooting, data record and display, and 

simulate experiment function. 


STEP 6j PREPARE FOR TRANSPORT j 

After completion of interface verification the racks j 

and fioa.' segment will be prepared for shipment. Th* J 

rock and floor transport platform and the rock and Floor f 

support braces kit will be loaded ond covered with th* J 

rack and floor shipping cavor. 

Figure 3*44, . Life Sciences Ground Assembly Flow, Lead Center Assembled Payload 
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Experiment System Interactions 

Interface verification of installed Life Science experiment equipment will be per- 
formed initially on individual experiment rack modules and later on integrated payloads 
during combined payload checkout. For the most part, each of the experiments operate 
independently of the others. They do not interface nor interfere with each other. After 
all end items of an experiment are installed, tests will be conducted to verify connecter 
and wire harness/fluid line integrating. All end items and supporting equipment are as- 
sumed to arrive healthy, therefore, these tests will be primarily concerned with verifying 
data signals to interconnected experiment end items, CDMS simulator, data recorder, 
printer, and CRT. Typically, testing will be accomplished by observing waveforms/status 
lists on a CRT and comparing these outputs to a predetermined signal that occurs in res- 
ponse to a specified command. Testing of CDMS signals through the RAU's will use a 
CDMS simulator. The observation of signal waveforms displayed on a CRT connected to 
the output data stream will assure that the correct response to a command has occurred. 

Man-Machine Interfaces 

To verify operation of some Life Science experiments, certain Principal Investigator 
(PI) furnished animal and human simulators will be used. These essentially consist of sig- 
nal generators which serve as a human physiological simulators, frog nerve signal simulat- 
or, rat bio-telemetry simulator, oculographic (EOG) simulator., mass spectrum analog data 
simulator, rat/cage temperature output simulator, and the monkey physiological simulator. 
For testing of the floor mounted Experiment 49 rotating base assembly with its drive mech- 
anism and tilting base plate, the stowed litter chair/tilt table (Expt. 49/51) and the stowed 
frog gimbal platform (Expt. 66) will be used. The litter chair/tilt table and frog gimbal 
platform are removed from storage and mounted on the rotating base for acceleration/ 
rotation tests. 

The monkey physiological simulator will be used in the monkey pod (Expt. 76) veri- 
fication tests. After the monkey pods and bases are mounted to the floor segment, the 
experiment modules are mounted into the pod bases, the pump assembly is mounted under 
the floor, and the appropriate electrical and fluid interfaces made. The monkey pods and 
bases, when delivered to the Level IV site, are ready for direct installation onto the floor 
segment and only minor subsystem equipment need be installed. 

On -Pad Operations 

The Life Sciences live test specimens (rodents, primates, and frogs) will be carried 
during ascent (and descent) in the Orbiter mid deck stowage until the Space lab has been 
determined to be stabilized and habitable (approximately T+3 hours). On-orbit, the speci- 
mens will be moved through the tunnel into the Spacelab and installed in the rodent and 
primate holding facilities. 
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Software Requirements 

There are no Life Science experiment or group of experiments requiring experiment 
unique application programs in the CDMS computer,. S.ix experiments (Exp. 13, Muscle 
Protein Degradation, Exp. 15, Monkey Activity Change, Exp. 49, Human Cardiovascular 
Alteration, Exp. 58, Human Pulmonary Function, Exp. 66, Otolith Response Adaption, 
and Exp. 76, Monkey Cardiovascular Dynamics) do provide outputs to the CDMS in three 
ways: (1) data signals through the RAU's to the data bus, (2) data signals directly into 
the video channel, and (3) data signal outputs to the High Data Rate Multiplexer (HDRM). 
Standard Spacelab software control of CDMS operations is required during subsystem inter- 
face verification. 

Experiment Installation and Test Sequences (Waterfalls) 


A series of Level IV installation and test sequences reflecting the procedures pre- 
viously described were prepared and timelined in a waterfall format. These were prepared 
to serve as the basis for eventual equipment utilization times, and manpower estimates for 
study baseline cost data. 

Mini -Center Waterfalls 

The Muni-center sequences were based on the following guidelines: (1) Spacelab 
equipment is available at an integration site as required, i.e. racks, common equipment, 
floor segments, etc., (2) a full complement of experiment end items are on hand to allow 
complete checkout of rack installations, (3) all end items are operative upon receipt, sub- 
ject to receiving inspection, (4) non -function a I experiment hardware such as storage space 
does not require level IV integration verification, and (5) installation is rack oriented 
rather than experiment oriented. 

Mini-Center One. A floor segment is required in addition to rack 3 to complete 
the assembly and allow verification of the installation. The rotating base on which the 
tilt table is mounted is attached to the floor assembly near rack 3, and power and data 
cables are provided through the center aisle connect bracket (CACB). The waterfall. 
Figure 3-45, was prepared for Mini -Center 1 assuming no interference between the in- 
stallation of the rotating base, and the installation of the rack 3 mounted end items. 

The tilt table and rotating base assembly is shared by experiments 49 and 51 and the ro- 
tating base is also used for installation of the Gimballed Frog Platform to perform experi- 
ment 66. Verification of all Level IV connections can be accomplished by using the ro- 
tating base in conjunction with the tilt table and gimballed frog platform and verifying 
the functions of all experiment 49 and 66 end items. Therefore, two verification test 
blocks are shown on the waterfall. 
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[ I RECEIVE AND INSPECT END ITEMS (16.0) 

I INSTALL ROTATING BASE (EXP. 49E.I. 4) TO FLOOR SEGMENT (4,0) 

I INSTALL POWER HARNESS FROM EXP. 49 E.l. 4 TO EPDB IN FLOOR SEGMENT (3.0) 

INSTALL SIGNAL HARNESS FROM EXP. 49 E.l. 4 TO RACK 3 INTERCONNECT^PANELS (3.0) 

L r~ INSTALL REFRIGERATOR (EXP. 8 E.l. 4) IN RACK 3A (2.0) 

“I INSTALL REFRIGERATED CENTRIFUGE (EXP. 8 E.l. 3) (1.0) 

"j INSTALL OSCILLOSCOPE (EXP. 66 E.l. 5) IN RACK 3A (1.0) 

~| INSTALL POWER MODULE (EXP. 66 E.l. 4) IN RACK 3A (1.0) 

"1 INSTALL MICRODRIVE (EXP. 66 E.l. 3) IN RACK 3A (1.0) 

"1 INSTALL AUDIO MONITOR (EXP. 66 E.l. 2) IN RACK 3A (1.0) 
j INSTALL TIME CODE GENERATOR (EXP. 66 E.l, I) IN RACK 3A (1.0) 

~) INSTALL VIS1CORDER (EXP. 49E.I, 2) IN RACK 3A (1.0) 

] INSTALL TV MONITOR (EXP. 49 E.l. 7) IN RACK 3A (1.0) 

QjNSTALL ROTATING BASE CONTROL CONSOLE (EXP. 49 E.l. 5) IN RACK 3B (1.0) 

1 INSTALL ISOLATION AMPLIFIER (EXP. 51 E.l. 2) IN RACK 3B (1.0) 

^INSTALL ECHOCARDIOGRAM (EXP. 49 E.l. 1) IN RACK 3B (1.0) 

"l INSTALL CARDIOVASCULAR INST. PANEL ASSY (EXP. 49 E.l. 3) IN RACK 3B(1.0) 

*■] | INSTALL SIGNAL HARNESS FROM RACK 3B END ITEMS TO RACK 3B INTERCONNECT PANEL AND RAU (10.0) 

L '~| | INSTALL SIGNAL HARNESS FROM RACK 3A END ITEMS TO RACK 3A INTERCONNECT PANEL (10.0) 

I INSTALL POWER HARNESS FROM RACK 3 EPDP TO ALL END ITEMS (18.0) 

EXP. 49 & 8, VERIFY T INSTALL COAX CABLE HARNESS FROM EXP. 49 Els 1 & 7 TO RACK 3A INTERCONNECT PANEL 0.Q) 

• MAIN POWER APPLICATION TO ALL L - | INSTALL RACK 3 ON FLOOR ASSY (4.(1) 

END ITEMS (13 ITEMS) “1 CONNECT GSE AIR FLOW CONTROL SYSTEM TO RACK AIR FLOW DUCT SYSTEM (3.0) 

. .SIMULATOR BCHOCARDIOGRAPH DATA AT I PERFORM AIR FLOW BALANCE PROCEDURE (4.0) 

• SIMULATOR ULTRASONIC FLOWMETER DATA ’ TlNSTALL TILT TABLE (EXP. 51 E. I, 3) ON EXP. 49 El. 4 (1.0) 

AT METER ON E.l, 49-4 & COM3 SIMULATOR ! "I CONNECT PHYSIOLOGICAL SIMULATOR TO EXP. 51 E.J. 3 (1.0) 

• Sr"" ACCEl DATA ^ ■ 1 CONNECT PHYSIOLOGICAL DATA LEADS TO SIMULATOR & EXP. 49 E.J.s 1,4,5, & 6(1. Cj) 

• SIMULATOR CARDIOTACHOMETER DATA AT ‘ 1 CONNECT CDMS SIMULATOR TO RACK 3 RAU (1.0) 

METER ON E.l. 49-6 AND CDMS SIMULATOR “I CONNECT GSE POWER CABLES FROM GROUND SOURCE TO RACK 8 EPDP, AND TO THE 

• TABLE TILT ANGLE CONTROL AT E.l. 49-3 . VEft , F)CATJON TESTS EXP> 49 & 8 ( 3 . 0 ) (SEE TABLE FOR DETAILS) F 1 - 008 EPDB 

EXP 66 VERIFY j REMOVE PHYSIOLOGICAL SIMULATOR FROM EXP. 51 E.l. 3 (0.5) 

• ROTATING BASE CONTROL OF PLATFORM lREMOVE EXP. 51 E.l. 3 FROM EXP. 49E.I. 4 AND STORE (0.5) 

AT E.l. 49-5 INSTALL GIMBALLED FROG PLATFORM (EXP. 66-8) ON EXP. 49 E.l. 4 (1.0) 

• ROTATING BASE DATA OUTPUT AT CDMS SIMULATOR TCONNECT FROG SIMULATOR TO EXP. 66 E. I. 8 (1.0) 

• SIMULATOR EKG SIGNAL AT PO^ MODULE 4-T POSITION STEPPING MOTOR & CONNECT DATA CABLE TO EXP. 66 E.l, 3 fl|,0) 

E.l, 46-4 AND CDMS SIMULATOR LL ^ * 

• PLAYBACK AT POWER MODULE (E.l. 66-4) AND [ VER1FY MICRODRIVE FUNCTION AT EXP. 66 E.l. 3 (0,5) 

OSCILLOSCOPE (E.l. 66-5) ] DISCONNECT MICRODRIVE DATA CABLE (0.5) 

• OUTPUT AT E,l> 66-2 & CDMS ~ | VERIFICATION TESTS EXP. 66 (2.0) (SEE TABLE FOR DETAILS) 

' “ ‘ ’ — I SECURE TEST SETUP (2,0) 

| DISCONN ECT GSE AND STORE (3.0) 

Figure 3-45, Life Science Distributed Site Installation & Test Sequence 1 P8EP for transport (6.o) 
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Mini-Center Two, At mini-center two of one double rack, rack 4, is involved. 

No conflict ?s anticipated when installing end items in both halves of the rack. The rack 
primarily contains end items from experiments 58 and 75, The mass spectrometer, end 
item 58-1, and’ the strip recorder end item 58-5 are shared by several other experiments. 
Verification of the rack 4 end items requires a human test subject. The waterfall is shown 
in Figure 3-46. 

Mini-Center Three. Both racks 5 and 6 are assembled at this mini-center. Both 
contain rodent holding facilities and related equipment. These holding facilities are used 
by most of the experimentors requiring rodents. Verification of each rack installation is 
simple and it is assumed can be done in parallel, as shown in Figure 3-47. 

Mini-Center Four. Rack 7 contains the primate holding facility and associated 
equipment. Although designed for primates, the equipment and the installation/verifica- 
tion process are comparable to the rodent holding facilities of racks 5 and 6, and could 
be assembled at the same mini-center. The integration sequence is shown in Figure 3-48. 

Mini-Center Five. Rack 8 consists of mostly stowage areas and the surgical work 
bench which is shared by many experiments. Figure 3-49shows how this rack could be 
easily assembled in conjunction with another mini center such as three or four. 

Mini-Center Six. This site activity (Figure 3-50) consists of the tasks to install 
the equipment in Rack 9. The floor mounted X-15 mounting plate for the monkey chair/ 
platform/accelerometer assembly wifi be shipped directly to KSC for bolting to the Space- 
lab floor, thus eliminating the need for shipping an independent floor segment for this 
single mechanical function. 

Mini-Center Seven. Experiment 59 equipment is installed in Rack 10. There is 
no unique operations required for this mini-center. The sequence is shown in Figure 5-51. 

Mini-Center Eight. Experiment 76 equipment is contained in Racks 11 and 12 and 
includes the monkey pod assembly. A floor segment is required as part of the experiment 
buildup, to allow mounting of the monkey pod assembly and other support equipment lo- 
cated in the floor. Checkout of the entire assembly is then possible, and the floor assem- 
bly with the racks attached will be shipped as an integral unit. Figure 3-52 presents the 
total sequence, which is the longest of all the mini-center flows. 

Centralized Site Waterfalls 

The waterfalls of level IV integration activities are identical for comparable lead 
center and KSC options. That is, the B-l option sequence is identical to the C-l, B-3, 
C-3, and B~4 to C-4. In addition, the only difference between the B-l/C-1 options and 
the B-3/C-3 options is the combined payload checkout activities associated with the lattei 
two options. The waterfall for these four options is shown in Figure 3-53. Note the last 
seven operations are applicable to options B-3 and C-3 only. This waterfall reflects the 
paralleling/integrating of the eight distributed site activities (previously described) to 
minimize GSE requirements and maximize personnel utilization. 
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[receive AND INSPECT END ITEMS 05.0) 

1 I I NSTALL MIXING CHAMBER (EXP. 75 8.1. 2) IN RACK 4A (2.0) 
j] INSTALL FLOW CONTROL UNIT (EXP. 75 E.l. 1) IN RACK 4A (1.0) 

T| INSTALL RADIOISOTOPE METER & LIQUID SCINTILLATION COUNTER (EXP. 60 E.l. 4) IN RACK 4A (1.0) 
L |~j INSTALL BLOOD PRESS. MEASURING SYSTEM (EXP. 49 E.l. 7) IN RACK 4A) (1.0) 

|~| INSTALL SPIROMETER (EXP. 75 E.l. 5) IN RACK 4A (1.0) 

|| INSTALL FLOW/VOLUME ELECTRONICS PANEL (EXP. 58 E.l. 3) IN RACK 4A (1.0) 

L [~j I NSTALL CPU POWER SUPPLY (EXP. 75 E.l. 4) IN RACK 4A (1.0) 

INSTALL CPU DATA DISPLAY UNIT (EXP. 75 E.l. 3) IN RACK 4A (1.0) 

[1 INSTALL RADIO ISOTOPE AIR MONITOR (EXP. 76 E.l. 28) IN RACK 4B (1.0) 

INSTALL INTERFACE ELECTRONICS PANEL (EXP. 5B E.l. 4) IN RACK 4B (1.0) 

*| INSTALL MASS SPECTR. /PNEUMOTACHOMETER ASSEMBLY (EXP. 50 E.l. 1 & 2) IN RACK 4B (1 .0) 
' HI I NSTALL STRIP CHART RECORDER (EXP. 58 E.l. 5) IN RACK 4B (1.0) 

L INSTALL URINE ELECTR. ANALYSIS UNIT (EXP, 77 E.l. 1) IN RACK 4B (1.0) 

] INSTALL GAS SUPPLY RACK AND GAS CYLINDERS (EXP. 58 E.l. 6) in RACK 4B (1.0) 


INSTALL SIGNAL HARNESS FROM RACK 4A INTERCONNECT PANEL TO EXP 75 E.l. 1,2 & 3, EXP 58 E.l. 3, & EXP, 49 E.l, 7(10.0) 
| INSTALL SIGNA L HARNESS FROM RACK 4B INTERCONNECT PANEL TO EXP. 58 E.J. 1, 4 & 5 (8.0) 

| INSTALL POWER HARNESS FROM RACK 4 EPSP TO EXP. 75 E.l. 1 THRU 4, EXP. 77 E.l. I, EXP. 58 E.l. 1,2, 3,5, 

EXP. 76 E.l. 28, EXp| 49 E.l. 7, 

EXP. 68 E.l. 4 (18.(8 


VERIFICATION 

MAIN POWER APPLICATION TO ALL 
END ITEMS (12 ITEMS) 

MASS SPEC. VACUUM PRESSURE ON 
EXP. 58 E.l. 1 

VOLUME FLOW DATA ON EXP. 58 
E.l. 5 AND CDMS SIMULATOR 
MASS SPEC. DATA ON EXP. 58 E.l. 5 
AND CDMS SIMULATOR 
BLOOD PRESSURE SYSTEM OPERATIONS 
ON EXP. 75 E.l. 3 PRINTER 
RADIOISOTOPE AIR MONITOR OPERATION 
VERIFY SPIROMETER OPERATION ON 
EXP. 75 E.J. 3 PRINTER 


| INSTALL 5 GAS LINES FROM EXP 58 E.l. 4 TO EXP. 58 E.l. 2 (10.0) 

INSTALL 2 G AS LINES FROM EXP. 58 E.l. 6 TO EXP. 58 E.l. 3 (6.0) 

| INSTALL 5 GAS LINES FROM EXP. 58 E.l. 6 TO EXP, 58 E.l. 4 (8.0) 
INSTALL 2 GAS LINES FROM EXP. 75 E.l. I TO EXP. 58 E.l. 2 (6.0) 
INSTALL 2 VACUUM LINES TO EXP. 58 E.l. 1 (6.0) 


LEAK CHECK ALL LINE INSTALLATION (4.0) 

Connect gse power cable from ground source to rack 4 epsp o.o) 

"Tl CONNECT CDMS SIMULATION TO RACK 4A INTERCONNECT PANEL (1.0) 

[1 CONNECT VACUUM PUMP TO EXP 58 E.l. I (1.0) 

^CONNECT FACE MASK & AIR HOSE TO EXP. 75 E.l. I & 2 (0.5) 

|| CONNECT BLOOD PRESSURE TRANSDUCER TO EXP. 49 E.l. 7 (0.5) 

^ TURN ON GAS SUPPLY FROM EXP. 58 E.l. 6(0.5) 

ATTAC H FACE MASK AND BLOOD PRESSURE TRANSDUCER TO TEST SUBJECT (0.5) 
VERIFICATION TESTS (SEE TABLE) (4.0) 

SECURE TEST SETUP (2.0) 

DISCONN ECT GSE AND STORE (4. 0) 

■ | PREP RACK FOR SHIPPING (6.0) 


Figure 3-46, Life Science Distributed Site ^2 Installation & Test Sequence 
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RECEIVE AND INSPECT END ITEMS (RACKS 5 & 6) (5.0) 

INSTALL RODENT HOLDING FACILITY (EXP. 10 E.l. I) IN RACK 5 (2.0) 

INSTALL RODENT HOLDING FACILITY C/D PANEL (EXP. 10 E.l. 2) IN RACK 5 (1 .0) 

INSTALL RODENT WATER SUPPLY ASSY (EXP. 10 E.l. 3) IN RACK 5 (2.0) 

INSTALL WATER LINE FROM EXP. 10 E.l. 3 TO EXP. 10 E.l. 2 (4.0) 

INSTALL WATER LINE FROM EXP. 10 E.l. 2 TO EXP. 10 E.l. 1 (4.0) 

INSTALL POWER HARNESS FROM RACK 5 EDPB TO EXP. 10 E.l. 1 AND EXP. 10 E.l. 2 (8.0) 

INSTALL SIGNAL HARNESS FROM RACK 5 INTERCpNNECT PANEL TO EXP. 10 E.l. 1 AND EXP. 10 E.l. 2 (8.0) 
CONNECT AIR VENT TO EXP. 10 E.l. 1(3.0) 

CONNECT GSE POWER CABLES (2) TO RACK 5 EPSP (2.0) 

INS TALL RAT SIMULATOR FOR BIOTELEMETRY (2.0) 

| ] VERIFICATION TESTS (SEE TABLE) (3.0) 


INSTALL RODENT HOLDING FACILITY (EXP. 3 E.l. 6) IN RACK 4 (2.0) 

1 INSTALL RODENT HOLDING FACILITY C/D PANEL (EXP. 3 E.l. 7) IN RACK 6 (1.0) 

— INSTALL RODENT WATER SUPPLY ASSY (EXP. 3 E.l. 5) IN RACK 6 (2.0) 

| INSTALL WATER LINE FROM EXP. 3 E.l. 5 TO EXP. 3 E.l. 7(4.0) 

| INSTALL WATER LINE FROM EXP. 3 E.l. 7 TO EXP. 3 E.l. 6 (4.0) 

I INSTALL POWER HARNESS FROM RACK 4 EPSP TO EXP. 3 E.l. 4 AND EXP. 3 E.l. 7 (8.0) 


VERIFY L_ 

• N 2 FLOW ON 

• MAIN POWER ON 

• ENVIRONMENTAL CONTROL ON 

• ILLUMINATION SYSTEM 

• BLOWER ON 

• WATER LEVEL ON 

• BIOTELEMETRY OPERATION 


INSTALL SIGNAL HARNESS FROM RACK 6 INTERCONNECT PANEL TO EXP. 3 E.l. 4 AND EXP. 3 E.l. 7((8i£ 
CONNECT AIR VENT TO EXP. 3 E. I. 6 (3.0) 

CONNECT GSE POWER CABLES (2) TO RACK 6 EPSP (2.0) 


VERIFICATION TESTS (SEE TABLE) (3.0) 

DRAIN WATER SUPPLY AND SECURE GSE AND SIMULATOR (4.0) 
| PREP RACKS 5 AND 4 FOR TRANSPORT (8.0) 


Figure 3-47, Life Science Distributed Site ^3 Installation & Test Sequence 
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| I RECEIVE AND INSPECT END ITEMS (5.0) 

”1 INSTALL MONKEY POD STOWAGE AREA (EXP. 76 E.l. 26) IN RACK 7A (1.0) 

* j INSTALL PRIMATE HOLDING FACILITY (EXP. 15 E.l. 7) (2.0) 

• 1 INSTALL BSHF PRIMATE/RODENT WATER SUPPLY ASSY. (EXP. 3 E.l. 5) IN RACK 7A (1.0) 

~] INSTALL PRIMATE HOLDING FACILITY C/D PANEL (EXP, 15 E.l. 8) IN RACK 7B (1.0) 

.. • 1 INSTALL AC INVERTER (EXP. 15 E.l. 12 ) IN RACK 7B (1.0) 

L f" | INSTALL WATER LINE FROM EXP, 3 E.l. 5 TO EXP. 15 E.l. 8(4.0) 

1 INSTALL WATER LINE FROM EXP. 15 E.l. 8 TO EXP. 15 El. 7(4.0) 

I INSTALL N 2 SUPPLY LINE (4.0) 

I INSTALL POWER HARNESS FROM RACK 7 EPSP TO EXP. 15 E.l. SAND EXP. 15 E.l. 7 (8.0) 

INSTALL SIGNAL HARNESS FROM RACK 7 INTERCONNECT PANEL TO EXP. 15 E.l. 8 AND E*P. 15 E.l. 7 (8.0) 
| CONNECT AIR VENT TO EXP. IS E.l. 7(3.0) 

| I INSTALL GSE POWER CABLES (2) TO RACK 6 EPSP (2.0) 

' ~] VERIFICATION TESTS (SEE TABLE) (2.0) 

1 DRAIN WATER SUPPLY AND SECURE GSE (3.0) 

VER|FY | | PREP RACK FOR TRANSPORT (4,0) 

• N 2 FLOW ON 

• MAIN POWER ON 

• ENVIRONMENTAL CONTROL ON 

• ILLUMINATION SYSTEM ON 

• BLOWER ON 

• WATER LEVEL INDICATOR ON 

Figure 3-48, Life Science Distributed Site ^4 Installation & Test Sequence 
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VERIFY 

MAIN POWER ON AT INDICATOR 
POWER APPLICATION TO BLOWER (3) 
VACUUM LINE PRESSURE 
AIR LINE PRESSURE 


Figure 3-49, Life Science Distributed Site ^5 Installation & Test Sequence 
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RECEIVE AND INSPECT END ITEMS (15.0) 
INSTALL FREEZER (EXP. 8 E.l. 5) (2.0) 

INSTALL RAT FOOD REFRIGERATOR (EXP. 3 E.l. 4) (1.0) 
INSTALL STOWAGE AREA (EXP. 42 E.l. I) (1.0) 

INSTALL DIGITAL TAPE RECORDER (EXP. 75 E.l. 6) (1,0) 
INSTALL SIGNAL (HARNESS FROM EXP. 


1 


75 E.l. 6 TO RACK 9B INTERCONNECT PANEL (7.0) 

[llNSTALL ELECTROMETER I (EXP. 13 E.l. 4) (1.0) 

INSTALL ELECTROMETER II (EXP. 13 E.l. 5) (1.0) 

L ^ _ l INSTALL RESPIRATION CAGES (EXP. 13 E.l. 1)(I.0) 

INSTALL IR ANALYZER AND >4C0 2 STORAGE TANK (EXP. 13 E.l. 3) (1.0) 

INSTALL IR ANALYZER AND OUTPUT MONITOR (EXP. 13 E.l. 2) (1.0) 

INSTALL OSCILLOSCOPE (EXP. 15 E.l. 5) (1.0) 

INSTALL AC POWER FILTER (EXP. IS E.l. 6) (1.0) 

INSTALL SCOPE SELECTOR (EXP. 15 E.l. 4) (1.0) 

INSTALL STRAIN GAUGE AND POWER AMPLIFIER [EXP. 15 E.l. 2) (1.0) 

| INSTALL SIGNAL CONDITIONER (EXP. 15 E.l. 3) (1.0) 

INSTALL ISOLATION A MPLIFIER (EXP. 13 E.l. 6) (1.0) 

INSTALL POWER HARNESS FROM 60 Hz POWER PANEL TO END ITEMS (14.0) 

"(INSTALL SIGNAL HARNESS FROM RAU TO RACK 9A END ITEMS (15.0) 

jlNSTALL RADIOACTIVE GAS LINES BETWEEN EXP. 13 E.l. I & EXP. 13 E.l. 3 (2 LINES) (6.0) 


1 IMJi 

I IN 

TU 1 


VERIFY 

MAdN POWER APPLICATION TO EXP. 3 E.l. 4, 
EXP. 8 E.l. 5, EXP. 13 E.l. s 2,3, 4, 5,6, EXP. 

15 E.l . 5 3,5,6, EXP.Zi E.l. 6 
CAL. GAS VALVE ON EXP. 13 E.l. 3 OPEN 
CALIBRATION GAS LEAK TEST 
ANALYZER OUTPUT OF BOTH SAMPLES A & B 
ON EXP. 13 E.l. 2 & 3 AND CDMS SIMULATOR 
ElECTROMETER SIGNAL AT EXP. 13 E.l. 4 & 5 
CAL. GAS VALVE ON EXP. 13 E.l. 3 CLOSED 
ACCELEROMETER DATA OUTPUT AT EXP. 15 
E.l. 5 AND AT CDMS SIMULATOR AND AT 
OUTPUT TO ANALOG RECORDER 
OCULOGRAPHIC SIMULATOR OUTPUT AT 
EXP, 15 E.l. 5 AND AT CDMS SIMULATOR 
AND AT OUTPUT TO ANALOG RECORDER 



J INSTALL RADIOACTIVE GAS LINES BETWEEN EXP. 13 E.l. I & EXP. 13 E.l. 3 (2 LINES) (4.0) 
CONNECT CDMS STIMULATOR TO RACK 90 RAU (2.0) 

CONNECT GSE POWER SUPPLY TO RACK 98 60 Hz POWER PANEL AT THE INTERCONNECT PANEL(l.O) 
CONNECT OCULOGRAPHIC SIMULATOR & ACCELEROMETERS TO EXP.15|EI 2 (1.0) 

Verification tests (see table) ( 3 . 0 ) 

SECURE TEST SETUP (2.0) 

DISCONNECT AND STORE GSE (4.0) 

| PREP FOR TRANSPORTATION (6.0) 
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Figure 3-50, Life Science Distributed Site #6 Installation & Test Sequence 
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RECEIVE AND INSPECT END ITEMS <13. 0) 


INSTALL DRJERITE & CAGE CONTROL Ut«T (EXP. 59 E.l. 12) (2.0) 
INSTALL METABOLIC CAGES (EXP. 59 E.l; 7) (J.0) 

1 INSTALL AlVGAS ANALYZER (EXP. 59 E.U 5) (1.0) 

TlNSTALL OSCILLOSCOPE (EXP. 59E.I. 14) (1.0) 

*Tj INSTALL WATER SUPPLY & N 2 SUPPLY (EXP. 59 -E.l. 9) (1.0) 


~| INSTALL POWER SUPPLY (EXP. 59 E.l. 8) (1.0) | 

1 INSTALL CAGE AIR FLOW CONTROL (EXP. 59 E.l, 6) (1.0) 

“I INSTALL METABOLISM FLOW METERS (EXP. E.l. 3) '(1.0) 
"[INSTALL TORSION BALANCE UNIT (EXP. 23 E.l. 2) (1.0) 

~| I NSTALL ANALOG RECORDER (EXP. 59 E.l. 2) (1.0) 

INSTALL DATA LOGGER (EXP. 59 E.l. 1) (1.0) 

INSTALL OSCILLOSCOPE SELECTOR (EXP. 59 E.l. 10) (1.0) 


CO 


8 


[I I NSTALL METABOLIC RECEIVER/PYROGEN TUNING ASSY (EXP. 59 E.l. 4) (1.0) 
[] INSTALL RAT CAGE AIR FILTERS (EXP. 59 E.l. 11) (1.0) 


VERIFY 


INSTALL SIGNAL HARNESS FROM RACK JOB INTERCONNECT PANEL TO EXP. 59 E.I.'S 1, 2,3,4 & 14 (11.0) 

1 INSTA LL SIGNAL HARNESS FROM RACK 10A INTERCONNECT PANEL TO EXP, 59 E.I.'S (12.0) 

INSTALL POWER HARNESS FROM EPSP TO EXP. 59 E.l. 8 AND TO ALL OTHER END ITEMS (16.0) 

INSTALL WATER LINE FROM EXP. 59 E.l. 9 TO EXP. 59 E.l. 7 (4.0) 

INSTALL AIR LINE FROM EXP. 59 E.l. II TO EXP. 59 E.l. 6 (6.0) 

1 INSTALL AIR LINE FROM EXP. 59 E.l. 3 TO EXP. 59 E.l. 5(6.0) 

INSTALL AIR LINE FROM EXP. 59 E.l. 3 TO EXP. 59 E.l. 11 AND TO THE OUTLET OF EXP. 59 E.l, 5 (6.0) 
~| INSTALL AIR LINE FROM EXP. 59 E.l. 3 TO EXP. 59 E.l. 12(6.0) 


NO LEAKAGE, ALL WATER LINES 
MAIN POWER APPLICATION TO ALL END ITEMS 
TEMPERATURE SIMULATOR RECEPTION AT EXP. 59 
E.l. 10/14 (6 SIGNALS) 

OUTPUT OF CAGE TEMPERATURES AT EXP. 59 E.l. 
1 & 2 AND SIM. (6 SIGNALS) 

AIR FLOW AT EXP. 59 E.l. 1,2,3 (6 SIGNALS) 
EXP. 59 E.l. 5 OUTPUT AT EXP. 59 E.l. 1 & 2 


I 


INSTALL AIR LINE FROM EXP. 59 E.l. 6 TO EXP. 59 E.l. 7(6.0) 

INSTALL AIR LINE FROM EXP. 59 E. 1. 7 TO EXP. 59 E.l. 12(6.0) 

CONNECT MASS SPECT. ANALOG DATA SIMULATION (1.0) 

FILL WATER SUPPLY TANK (EXP. 59 E.l. 9) (1.0) 

CONNECT GSE POWER CABLE TO RACK 10 EPSP AND TO EXP. 59 E.l. 8(1.0) 
CONNECT 6 RAT TEMPERATURE OUTPUT SIMULATORS (2.0) 

LEAK CHECK ALL PRESSURE CONNECTIONS (4.0) 

VERIFICATION TESTS (3.0) (SEE TABLE FOR DETAILS) 

SECURE TEST SETUP (3.0) 

DISCONNECT GSE AND STORE (3.0) 

PREP FOR TRANSPORTATION (5.0) " •* 




Figure 3-51, Life Science Distributed Site ^7 Installation & Test Sequence 
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Space Division 
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mawi « insect floor moment ano packs p,o» 

MOUNT FLOOR SEGMENT TO CM SUPPORT STAND (3,0 

[ ASKABLE RACKS 11 & 12 TO Fl-OOft SEGMENT (6,0 


RECEIVE 4 INSPECT RACK It END ITEMS (B.0) 


{INSTALL UPPER POD FLOW CONTROL PANEL, POD R (EXP. 74 E.l, 1 1) (2,0) 

[INSTALL DEMODULATOR, POD A £XP. 76 EJ. IT) 0.0) 

[INSTALL TELEMETRY RECEIVER, POD A (EXP, 76 E.l. 16) *1.0) 

[INSTALL UPPER POD FLOW CONTROL PANEL, POO A 0XP. 76 IX 30 0,(9 
[INSTALL DEMODULATOR, POD..B, {EXP. 74 EJ. 5) (1.0} 

[INSTALL TELEMETRY RECEIVER, POD B {EXP. 74 E.l. 4) (1.0 
[INSTALL DEMODULATOR PATCH PANEL {EXP. 76 EJ. 6){».0) 

[INSTALL OSCILLOSCOPE SWITCH SELECTOR (EXP, 76 E.l. 7) (1,(9 
\ INSTALL DROSOPHILA CAMERA STOWAGE (EXP, 32 E.l. 2) 0.0) 

1 INSTALL PERFUSION PUMP STOWAGE (EXP. 21 E.l. I) (1.0) 

| fNSTALL POWER HARNESS FROM EPSP TO ALL END ITEMS (14.0 
[ | INSTALL SIGNAL HARNESS FROM RACK 11 INTERCONNECT PANEL TO AU END fl«M5 (13.0) 


■VEUfTL 

, MAIN POWER APPLICATION 

> WATER STORAGE DRAWER OPERATION flEXT 76 El 14) VISUALLY & ON CDMS SIMULATOR 
MONKEY fOOD SUPPLY OPERATION (EXP 76 El 1) VISUALLY 4. ON CDMS SIMULATOR 
. POO A & B TEMPERATURE SENSORS OPERATION AT CDMS SIMULATOR & TEMP MUX M£AS. 
PANEL (EXP 76 El 13) 

, RARATRON (EXP 76 El 23) OPERATION AT CDMS SIMULATOR AND ON THE TEMP MUX MEAL. 
PANEL (EXP 76 El 13) 

MONKEY SIMULATOR SIGNAL RECEIPT AT CDMS SIMULATOR l OSCILLOSCOPE 
ECG SIGNAL AT HEART RATE PANEL (EXP 76 El 9) AND CDMS SIMULATOR 
PUMP CONTROLS AT EXP 76 El 10, 11 & 13, 

GA5/VACUUM SY5TEM AT EXP 76 El 10, 11 & IB & CDMS SIMULATOR 
OPERATION OF LBNP FOR PODS Aifl ON LBNP PANEL (EXP 76 El 10) 

POWER APPLICATION TO MASS SPECTROMETER ION PUMP FROM EXP 76 El 21 

MASS SPECTROMETER (EXP 76 El 20) OPERATION AT EXP 76 El ? 4 CDMS SIMULATOR I 

MASS SPECTROMETER SYNCH OUTPUT AT CDMS SIMULATOR 

PCD A 4 B UPPER POD FLOW ALARMS 4 RESET AT EXP 76 £1 11 

UNE PRESSURE REGULATION AT MASS SPEC. CAL. GAS PANEL (EXP 76 EJ 18) 


j RECEIVE 4 INSPECT RACK 12 END ITEMS (U.O) 

| INSTALL PARTIAL PRESSURE RATIO NETWORK (EXP. 76 E.l. 24) (2.0) 

] INSTALL RARATRON AMPLIFIER (EXP, 76 EJ. 23) (1.0) 

{INSTALL LOWER BODY NEGATIVE PPESSURE PANEL (EXP. 76 EJ. 10) (1.0) 

[INSTALL MASS SPECTROMETER CONTROLS (EXP. 76 EJ, 21} (1,0) 

^|N*TAIL MAi* mCfKQMETEP (EXP, 76 FJ.*P>0»0) 

[INSTALL HEART RATE, OlFftkENllAL PRESS, MASS SffC, DVM PANEL (EXP. 74 EJ. 9) (1,0) 

[INSTALL DIFFERENTIAL BUFFER, POD A (EXP, 74 EJ. IP) (1.0) 

[INSTALL DIFFERENTIAL BUFFER, POD 8 (EXP. 76 EJ, 8) (1.0 j 
[INSTALL 20 CHANNEL SIGNAL CONDITIONER (EXP. 76 EJ. 2) (1,0) 

[INSTALL CALIB. GAS CONTROL PANEL (EXP. 76 E J. 1#) (1,0) 

| INSTALL CALIBRATIO N GAS CONTAINERS (4) (EXP. 74 EJ. 23) (1,0) 

~1 INSTALL SIGNAL HARNESS FROM RACK 12 INTERCONMCT PANH TO Ail END IffMS (11,0) 
{INSTALL POW ER HARNESS FROM EPSP TO AIL END ITEMS (18.0) 

| INSTALL PLUMBING BETWEEN EXP. 74 1 J. 2* AHUtttf, »*J. 



j INSTALL PLUMBING BETWEEN EXf. 74 EJ. IB AND IX?. 74 1 J, 30 (4,0 


o o 

Hrl 

« S 

o P; 

§ 2 

&§ 




RECEIV E & INSPECT PUMP ASSY (EXP. 76 6J, 33) AND MONKEY POO ASSY fcXP. 76 E J, ‘S 1,3, )7, 11, U, 14, 12, 17, It, M « *») (6.0) 

I NSTALL EXP. 76 EJ, 33 ON FLOOR SEGMENT (4.0) 

INSTALL MONKEY POD A5SY ON FLOOR SEGMENT (6,0$ 

INSTALL SIGNAL HARNESS BETWEEN MONKEY POD ASSY, EXP. 76 EJ, 3$, AND RACKS II 4 12 (3.0) 

INSTALL POWER HARNESS BETWEEN EPDB, MONKEY POO ASSY, 4EXP. 76 EJ, 33 (3.0) 

INSTALL 28 VDC CABLE BETWEEN RACK M INTERCONNECT PANEL 4 MONKEY POO ASSY INTERFACE 54 Nil O.0) 

INSTA LL 28 VDC CABLE BETWEEN RACK t2 INTERCONNECT PANEL ANO MONKEY POO ASSY INTI 6? ACE PA4*V 0.0) 

1 1N5TALL PLUMBING IE TWEEN EXP, 76 E.l. II, EXP, 76 EJ, 33, 6 MONKEY POO ASSY INTERFACE PANEL (10,0 

INSTALL PLUMBING BETWEEN EXP. 76 EJ, 21, EXP. 74 E.l. 33, 4 EXP. 74 EJ, 34(12,0) (CAP, OUTUT TO RACK 1C) 

INSTALL PLUMBING BETWEEN EXP, 761,1, 21 6, MONKEY POD ASSY INTERFACE PAP4L (6.0) 

INSTALL PLUM BING BETWEEN EXP. 76 6.1, 20 4 £XP, 76 EJ, 33 (4 t fl| 

INSTALL PLUMBING BETWEEN EXP. 76 EJ. 10 4 EXP, 76 EJ, 33 (2 LINES) (9.0) 

~~ ‘INSTALL PLUMBING BETWEEN EXP. 761,1, IQ & MONKEY POP ASSY INTER? ACE PAN31 m fra, rft 

"* CONNECT GSE POWER CABLE TO */L POWER BUS (t.O) 

'CONNECT CDMS SIMULATOR TO RAU (RACK 12) (1,0 
^ CONNECT MONKE i PHYSIOLOGICAL SIMULATORS TO POOS AM ftjj) 

VERIFICATION TESTS (SEE TABLE) (7.0 


Figure 3-52, Life Science Distributed Site ^8 Installation & Test Sequence 


SECU RE TEST SETUP (3.0) 

REMOVE AN D STORE GSE (4,0) 

PREPARE RACK/HOO* ASSY FOR SHIPMENT (8,0) 


Rockwell International 

Space Division 
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RECEIVE 1 1K3MCT RA CK 3 (hC 1UMS [It. 4 

1 Nil Alt tHO HEMS IN RACK 3 (1 4.4 

INST ML SIGNAL HARM SSLS IN RACK I (Jt.4 


INSTALL POWER HARMS* IN HA CK 3 <11.4 

1 PERFORM INTtltf ACI VERIFICATION TUT (30.4 


j RECEI VE A INSPECT HACK 4 l NO ITtMS {13.4 
I INSTAL L END HEMS IN HACK 4 (13.4 

1 INSTALL SIGNAL HARM S*** IN HACK 4 (1 1.0) 

] INSTALL POWER HARNESS IN HACK 4 (13.4 

| INSTALL PtUMMNG LINES IN RACK 4 (H.4 


HCUVt A INSPECT RACK 3 1 NO ITEMS (3.4 
INSTALL EN D ITEMS IN RACK 3 ($ 4 

INSTALL WA TER UMS IN RACK 3 (R.4 

INSTALL SIC NAL HARNESS IN RACK S 4.4 
JNSTAU fOWER HA RNESS IN RACK S (3.4 

] VERIFICATION TESTS (13.4 


3 VERIFICATION TESTS (13.4 


RECEIVE A INSPECT RACK 4 1 NO ITEMS (3.4 
INSTALL EN O ITEMS IN RACK 4 (3.4 

INSTALL WA TER UNIS IN RACK 4(1.4 

install signal harness in rack 4 4,4 

INSTALL POWER HA RNESS IN RACK 4 ($ 4 

VERIFICATION TUTS (11.4 


*x) O 


RECEIVE 4 INSPECT RACK 7 EM) ITEMS 0,4 


INSTALL END ITEM S IN RACK 7 <*. 0) 

INSTALL f tOMRINa LINES IN RACK 7 (|3.4 

“* INSTALL SIG NAL HARNESS IN RACK 7 (3.4 

INSTALL POWER HARNESS tN RACK 1 (Ml 
\ VtlKICATION TOTS (f.4 


Mctrvt L I NSPECT RACK • END HEMS (4 0) 

INSTALL END ITEMS IN RACK 4 (4,0) 

1 INSTALL POWER HARNESS IN RACK • (4.4 

INST AU fill M RI MG UMS IN RACK » (4.4 
VERIFICATION TESTS (?.0) 


] Rtaiv c a inspect rack »epc items (is.o) 


| INSTALL END ITE MS IN RACK * (14.0) 

INSTALL SIGNAL HARMS* IN RACK f (2J. 4 
INSTALL POWER HA RNESS IN RACK 9 (15.0) 

1 1NSTML RAQIO ACTI VE GAS LINES IN RACK 9 (U 4 
j VERflCATlON TESTS (13,4 


T 


1 RECEIVE 4 INSPEC T RACK TO END HEMS (13.4 

| INSTALL END ITEMS IN RACK 10 (IS 4 


H RECEIVE 4 INSPECT RACK U END HEMS (I 4 

1 INSTALL END HEMS I N RACK II (U.0) 

) INS TALL SIGNAL HARMS* IN RACK II (M. 4 
J INSTALL POWER HARNESS IN RACK II (11.4 


| INSTA LL SIGNAL HARNESSES IN RACK 10 (17.4 
] INSTALL POWER HARM SS IN RACK )0 (14.4 

INSTALL PLUM41NO LIMS IN RACK 10(11,4 

J VERIFICATION TUTS (14.4 


T. 


"1 RECEIVE IL INSPECT RACK 12 END ITEMS (1 1.4 
INSTALL E M) ITEMS IN RACK 12 (12.4 

~ 1 INST ALL SIGNAL HARMS* IN RACK 12 (13.4 

INSTALL PO WER HARNESS IN RACK 12 (19.4 

] INSTALL PLUMRING UMS IN RACK 12 4.4 


RECEIVE A IPPSPECT FLOO R MOUNTED END ITEMS (9.4 

INSTALL END ITEMS ON fLO Qa ASSY (14.0) 

INSTALL EXP 76 i. EXP 49 ELECTRICAL CARLES IN FLOOR ASSC ^jUES (10,0) 

INSTALL EXP 74PLUMWNG LlMS INHOOR AS3Y(PQ.4 
VERIFICATION TESTS (17.4 




] irDYALi ClW CASUS TO SIMAAT! REMAH UNO FUlOC MOUNTIO tiAEMSSE* (17 CARLES) (14.3) 


Figure 3-53. Life Sciences Integration Sequence 

for Centralized Site Options B-l, B-3, 
C-l, C-3 


CONNt C? GSE POWER CARLES »0 Vl POWER JOS (3,4 

‘ | CON , MCI EXPERIMENT RELATED GSE (3.4 

I ~] CONlEO A CHE CKOU T CWtLAIOU ^ONGCl* (B.4 

| 1 COM SIM P PAYLOAD CHECKOUT (If.C) 

'~ 1 SECURE TEST S*TL* A GSt Q . 4 

D ******* *3* WAiefOK 1 <«.* 


-Applicable to B-3 
and C-3 Options 
Only 


Space Division 
Rockwell International 


Rockwell International 

Space Division 


The waterfall for centralized site integration of the Life Sciences payload in the com- 
bined rack/floor configuration is shown in Figure 3-54. Note the portion of the waterfall 
that is applicable only to the B-5 option. The remainder of the waterfall is applicable to 
all three options (B-4, B-5, C-4), The unique B-5 activities pertain to the disassembly/ 
disconnection of the core module portion from the experiment module portion of the con- 
figuration to facilitate over-fhe-road transportation with less than a twelve (12) foot 
width. This particular option (B-5) also imposes a requirement for reassembly in the level 

III stand at KSC. In the case of the B-4 or C-4 options, the Life Science payload can be 
introduced into K5C-STS operations in the level Ill/ll main stand. 

Post -Flight Rack-Floor-Experiment Deintegration Waterfall 

One additional detailed waterfall was developed to establish overall hardware util- 
ization times and manpower levels. This is the sequence for the post -flight deintegration 
of the racks, floors, experiment modules, wiring, and plumbing as shown in Figure 3-55. 
The deintegration time bars are simplified, but are based on the more detailed analyses per- 
formed for buildup operations. The deintegration activities are performed at KSC and are 
defined to terminate with configuration of all Spacelab racks and floors in a configuration 
ready for initiation' of staging for the next payload. 

Life Sciences Payload Ground Processing Cycles 

In order to define the total involvement time of the Spacelab flight hardware and the 
manpower support requirement during non -level IV integration activities, time-flow dia- 
grams for the entire cycle of ground operations were prepared. These diagrams are initiated 
at staging (at KSC) and encompass level IV activities, applicable KSC-STS operations, a 
reference mission of seven (7) calendar days, post-flight STS operations, and finally level 

IV deintegration. 

Flows for distributed site operations are shown in Figure 3-56. The number in the 
blocks refer to the functional activities defined in Section 2. The sixteen day duration 
for the experiment installation and verification activity (S&G) reflects the maximum time 
required at a distributed site. The only difference between the two distributed site op- 
tions is the combined payload checkout activity in an off-line area at KSC in the A-3 
option. 

Lead center cycle summations are presented in Figure 3-57. Options B-l and B-3 
are comparable to the A-l and A-3 options. A minor difference exists in functional activ- 
ities 5 and 6 because of the sharing/scheduling of GSE. The difference between the B-4 
and B-5 options can be attributed to the addition payload disassembly (Block 9) and re- 
assembly (Block 10) of the B-5 option. 

. KSC ground processing cycle summations are presented in Figure 3-58. The only 
difference between comparable lead center and KSC options is the required transportation 
times. 
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j uciJVt t. imrect hack j ind hems {ia.h 
1 INSTALL ENO ITEMS IN RACK 3 ( 1 4.0) 

“~| IN5IAU SIGNAL HARNESSES IN RACK 3 (21.0) 
\ ~ j INSTAU rOWER ha* NESS IN HACK 3 (13.0) 


RECEIVE A INSMCT RACK 4 I NO HEMS (IS.OJ 


| INSTAL L (NO HEMS IN HACK 4 (!>.<* 

1 INSTALL SIGNAL HA RNESSES IN RACK 4 (1 1.0) 

1 _ ] INST ALL POWEE HARNESS IN RACK 4 (18.0) 


I 1 


T 


INSTALL fLUMlING LINES IN RACK 4 (14,0) 




RECEIV E A NO INSPECT RACK 3 END ITEMS (5,0) 

INSTALL EN Q ITEMS IN RACK 3 (S 0) 

INSTALL WA TER LINES IN RACK 5 (1,0) 

INSTALL SIGNAL HARNESS IN RACK 5 (S.O) 
INSTALL POWER HARNESS JN RACK 5 P 0* 


R 


RECEIV E A INSPECT RACK 4 ENO ITEMS (J.0) 

INST All EN O ITEMS IN RACK 4 (5 0) 

INSTALL WA TER LINES IN RACK 4 (1 0) 

INSTALL SIGNAL HARNESS IN RACK 4 (8.0) 
INSTALL ROWER HARNESS IN RACK 4 (fi.4 


install wa h 

“ I 


RECEIVE AND INSPECT RACK 7 ENO ITEMS <5 0) 

INSTALL ENO ITEM S IN RACK 7 (4.0) 

INSTALL PLU MRINO LH*S IN RACK 7 (12,0) 

INSTALL SIGNAL HARNESS IN RACK 7 (8.C) 
INSTALL ROWER HARNESS IN RACK 7 (B.O) 


INSTALL END ITEMS IN RACK I (0,0) 

RECEI VE 4 INSPECT RACK ft ENO ITEMS (4 0) 

| IN STALL POWER HARNESS IN RACK ft (4.0) 

^INSTALL PLUM«NG LINES IN RACK I (4 0) 

RtCtlvC RlNSTtCT RACK P ENO HEMS (13, 0> 

j I Nil AIL END ITE MS IN RACK P (14.0) 

J 1 INSTA LL SIGNAL HARNESSES IN RACK f (22.0) 


X 


~1 RECEIVE * INSPECT RACK 10 END ITEMS (13 0) 

_ hNSTAU ENO ITE MS IN RACK 10 (15,0) 

| H INSTAL L SIGNAL HARNESSES IN RACK 10 (17,0) 


INSTALL POWER H ARNtSS IN RACK P(IS.O) ^ 

| INSTAU RADIOACTIVE GAS UNIS IN RACK 8 (li^O) 


X 


} RECEIVE 4 INSPECT RACK N ENO ITEMS (8.0) 


] INSTALL POWER HAR NESSES IN RACK 10 (14,0) 

' INSTALL PLUM11NG LINES IN RACK 10 (11.0) 


INSTALL ENO ITEMS IN RACK ll (ll.O) 




~1 INST ALL POWER HARNESS IN RACK 11(1(0) 

_J INSTALL SIGNAL KARNCSS IN RACK U <I3.«| 


RiCEtVE 4 INSPECT RACK I2ENO ITEMS (ll.O) 

INSTALL ENO IIEMS IN RACK 12 (U.0) 

1 INS TALL SIGNAL HARNESS IN RACK 13 (15.0) 

INSTALL POW ER HARNESS IN RACK 12 (18 C) 


L 


J INSTALL PlUMRING UMS JN RACK 12 (0.0) 


MCEM 4 INSPECT FLOOR MOUNTED I NO ITEMS (P.D) 


INSTALL FLOOR MOUNTED f I'D ITEMS ON HOPE ASSY ! 13 0) 


1 INSTALL ELECTRICAL CARLES ON FLOOR ASSY (44.0) 

~ » INSTAU EXP 74 PLUMBING INTO FLOOR ASSEMBLY (40. 0) 

BALANCE RACK COOLIN G SYSTEM AH FLOW (14.0) 

CONNECT AND CHECKOUT OKRA TORS CONSOLE <U.« 


X 


confect exp related ose (0.0) 


is 

§2 

> > 

pg 


EXFRRlMjNT INTERFACE V ERTICAL (ON TtStS (34.01) 

COMIINEQ PAVVOAQ CHECKOUT (14.0) 

| SECURE TEST SETUP 4 OSE (B.0) 

. 1 PREP FOR TRANSPORT («.<* 


Figure 3-54. Life Sciences Combined Payload InfegraHon Sequence 
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Rockwell International 

Space Division 



Rockwell international 

Space Division 


mam 




REMOVE POWER HARNESS FROM RACK 3 (4.0) 

a 

REMOV 

REMOVE SIGNAL HARNESSES FROM RACK 3 (4.0) 
| REMOVE END ITEMS FROM RACK 3 (4.0) 

r E PLUMBING LINES FROM RACK 4 (3.0) 

REMOVE POWER HARNESS FROM RACK 4 (4.0) 

"1 nr i i/-v\ /r ■ » x nkirrcrr rn/M i n i . /n 

i 

=L 


REMOVE SIGNAL HARNESSES FROM RACK 4 (2.0) 


REMOVE END ITEMS FROM RACK 4 (12,0) 


REMOVE WATER LINES FROM RACK 5 (2.0) 

“ REMOVE POV£R HARNESS FROM RACK 5 (2.0) 

I REMO VE SIGNAL HARNESS FROM RACK 5 (2.0) 
| REMOVE END ITEMS FROM RACK 5 (4.0) 



| REMOVE WATER LINES FROM RACK 6 (2.0) 

1 REMOVE POWER HARNESS FROM RACK 6 (2.0) 
REMO\€ SIGNAL HARNESS FROM RACK 6 (2.0) 
REMOVE END ITEMS FROM RACK 6 (4.0) 


REMOVE PLUMBING LINES FROM RACK 7 (2.0) 
REMOVE POWER HARNESS FROM RACK 7 (2.0) 
REMOV E SIGNAL HARNESS FROM RACK 7 (2.0) 
REMOVE END ITEMS FROM RACK 7 (5.0) 


f~j R EMOVE PLUMBING LINES FROM RACK 8 (1.0) 
REMOVE POWER HARNESS FROM RACK 8 (1.0) 

REMOVE END ITEMS FROM RACK 8 (7.0) 


| [ REM OVE RADIOACTIVE GAS LINES FROM RACK 9 (2.0) 

REMOV E POWER HARNESS FROM RACK 9 (3.0) 

REMOVE SIGNAL H ARNESSES FROM RACK 9 (5.0) 

REMOVE END ITEMS FROM RACK 9 (13.0) 


RE MOVE PLUMBING LINES FROM RACK 10 (4.0) 

REMOVE POWER HARNESS FROM RACK 10 (2.0) 

REMOVE SIGNAL HARNESS FROM RACK 10 (3.0) 

REMOVE END ITEMS FROM RACK 10 (12.0) 



REMOVE POWER HARNESS FROM RACK 11 (3.0) 

| REMOVE SIGN AL HARNESS FROM RACK 11 (3.0) 

| REMOVE END ITEMS FROM RACK 11 (9.0) 


q 


REMOVE PLUMBING LINES FROM RACK 12 (2.0) 

I REM OVE POWER HARNESS FROM RACK 12 (4.0) 

~~| REMOVE SIGNA L HARNESS FROM RACK 12 (3.0) 

1 REMOVE END ITEMS FROM RACK 12 (10. 


0) 


f { REMOVE FLOOR MOUNTED END ITEMS (11.0) 

REMOVE UNDER FLOOR ELECT. CABLES (6.0) 

| REMOVE UNDER FLOOR PLUMBING (EXP 76) (11.0) 

| | . SECURE S/L SUBSYSTEM INTERFACES (2.0) 

Figure 3-55. Life Sciences Deinfegrafion 
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Space Division 


LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW 


WORKING DAYS 


MINICENTERS, 


1 2 STAG ING (2.0) - 

><] TRANSPORT TO MIN ICENTERS (5.0) • OPTION A1 

I 5 & 6 * EXPERIME NT INSTL & VERIF. (16.0) 

I ^><1 TR ANSPORT TO KSC (5.0) 

To) LEVEL III ME CH. ASSEMBLY (3.0) 

1 11 & 12 LEVEL 111/11 INTEGRATION (O&C) (9.6) 

13 LEVEL 1 INTEGRATION (OPF) (9. 1) 

14 I MISSION (5. 01 

| 15 ~| LE VEL l/ll/lll DEINTEGRATION (9.9) 

TT| LEVEL IV DEINTEGRATION (3.8) 


LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW 


20 I 25 30 35 40 


WORKING DAYS 


Jk |e-MINICENTERS — *| 


j_2 STAGING (2.0) 

^><1 TRANSPORT TO MINIC ENTERS (5.0) 

TTa ^EXPERIMENT INSTL & VERIF. (16.0) 

DE3- TRANSPORT TO KSC (5.0) 

|~7~l INT ERIM PAYLOAD CONNECT (3.5) 

I"~[ PAYLOAD CHECKOUT (3.0) 

PAYLOAD DISASSEMBLY (1.0) 

I TRANSPORT TO O&C (1) 
jlO LEVEL III ME CH. ASSEMBLY (3.0) 

11 & 12 I LEVEL lll/ll INTEGRATION P&C) (9.6) 


OPTION A3 


LEVE L I INTEGRATION (OPF) (9.1) 

14 MISSION (5. 0) 

15 I LEVE L l/ll/lll DEINTEGRATION (9.9) 

{ 16 i LEVEL IV DEINTEGRATION (3.8) 
76.9 


Figure 3-56. Life Sciences Distributed Site 
Ground Processing Cycles 
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Rockwell International 

Space Division 


LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW 


IS 20 


K| 1<=- LEAD CENTER 
2 STAGING (2.0) 


WORKING DAYS 


OPTION B1 


TRANSPORT TO LEAD. C ENTER (5.0) 

5 & 6 I EXPERI MENT INSTL AND VERIF. (17.8) 
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Figure 3-57. Life Sciences Payload Lead Center Life Cycle B-l 7 B-3, B-4 & B-5 
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Life Sciences Payload Lead Center Lfte Cycle Flow B-T, B-3, B-4 & B-5 (Cont’d) 
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Figure 3-58. Life Sciences Payload Total Life Cycle Flow - 

Lead Center Concept (KSC), C-l and C-3 and C-4 


3-113 


SD 78-SR -0009-2 





























Rockwell International 

Space Division 


ATL PAYLOAD INSTALLATION & TEST REQUIREMENTS 


The ATL payload consist's of short module rack mounted equipment/ pallet mounted 
equipment, cradle mounted equipment, and Orbiter AFD equipment. The general con- 
figuration of the payload is shown in Figure 3-59. 



Figure 3-59. General Arrangement - ATL Payload 


Figure 3-59 illustrates the overall arrangement of the ATL payload. As noted, this pay- 
load-consists of a short Spacelab module and two Spacelab and 12 experiments. Two of 
these experiments, Basic Structural Elements (ST-16) and Short Manipulator (SF-2) are 
mounted on a special support structure forward of the module over the crew tunnel. Five 
experiments — Microwave Radiometer (ST-10), Space Measurement/Solar Cells (ST -20), 
Laser Spectrometer (ST -3), Column Density Monitor (ST -5), and Induced Environment 
Contamination Monitor (ST-2) — are shown mounted on the two pallets. The Attitude 
Reference .System (X-2), which supports ST -3, is also shown. 

The phantom lines forward of the module and shown surrounding SF-2 represent the> 
fully assembled ST-16 structure as it is returned to earth for laboratory inspection. 
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The Spacelab module arrangement of the ATL payload/ including the rack mounted 
equipment, is detailed in Figure 3-60. 


ST -3 LASER HETERODYNE 
SPECTROMETER 


SF-2 SHORT 
MANIPULATOR 1 



ST -20 SPACE MEAS./SOLAR CELLS 

ST-10 MICROWAVE RADIOMETER 

ST -26 GEOPHYS FLUID FLOW 

ST-1 DROP DYN. MODULE 
ST-21 TWO -PHASE 
HEAT TRANSFER 



3i^sCP*^ST-25 COMBUSTION EXPMT FACILITY 


• CONTROLS FOR ST-2 INDUCED ENVIRONMENT CONTAMINATION MONITOR (IECMI, 
ST-16 BASIC STRUCTURAL ELEMENTS, AND SF-1 LASER GYRO AT PSS 


Figure 3-60. Spacelab Module Arrangement - ATL Payload 


This figure illustrates the arrangement of the experiments in the Spacelab module as 
well as the controls/displays for those mounted externally (shown in the previous figure). 
In the experiment racks, on the right-hand side of the module, are shown the controls/ 
displays for SF-2, ST-3, ST-20, and ST-10, and the Laser Beam portion of ST-25. A 
video recorder is also located in the upper portion of the forward experiment rack. 

The left-hand experiment racks contain ST -26 (Geophysical Fluid Flow), ST-1 
(Drop Dynamics), and ST -21 (Two-Phase Heat Transfer) experiments. Also on this side 
are the photomultiplier tubes of ST-25. The major portion of ST -25 (Combustion Facility) 
is mounted on the Spacelab module floor. The chamber is vented to space by the Space- 
lab high-vacuum vent facility, mounted on the aft cone cover plate. Also shown are the 
chamber's oxygen, nitrogen, and methane gas fill lines which connect to the containers 
mounted on the first pallet. 

Film and tapes are stored in the containers immediately forward of ST -25 combustion 
chamber on the module floor, in the storage compartments over the module's workbench 
and in the right-hand experiment racks. 
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The ATL Orbiter Aft Flight Deck arrangement of controls and displays and the instal- 
lation of the Laser Gyro experiments are illustrated in Figure 3-61 . 

SPACELAB CRT & KEYBOARD IREF) 

INPUT/ OUTPUT CONTROLLER & DISPLAY 

COMPUTER 

TAPE RECORDER 
STRAPDOWN IMU 


IMU INTERFACE 
ELECTRONICS 


Figure 3-61. Orbiter Aft Flight Deck Arrangement - 
ATL Payload 

The installation of SF-1 (Laser Gyro) on the Orbiter aft flight deck at the payload 
specialist station (PSS) is shown on this figure. As this experiment is intended to operate 
throughout the entire mission, at times when the Spacelab is deactivated, its installation 
at the PSS was necessary. The input/output controller, display, and tape recorder are 
mounted on the upper face of the PSS module, accessible to the crew, while the strap- 
down IMU, power supply, and interface electronics are mounted inside the module. 

Spacelab CRT, keyboard, and miscellaneous recorder and video camera controls are 
also shown on -this figure. The miscellaneous controls associated with the other experi- 
ments (ST -2 and ST-16) are also provided. 

Applicable Ground Processing Options 

All but three of the ground processing options defined in Section 2 are applicable to 
the ATL payload. The three exceptions are A-2, B-2, and C-2. These three options are 
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not applicable because level 111 assembly is required during KSC-STS operations, if mul- 
tiple/decoupled experiment/integration operations are conducted. Racks must be assembled 
to floor segments and pallet segments must be assembled into pallet trains in the Level 111 
assembly stand at KSC. This constitutes Block 10 activity during KSC operations. Ground 
processing requirements were developed for all of the remaining nine options. 

Distributed site options A-l and A-3 reflect level IV integration at geographically 
separated sites. Option A-3 incorporates an off-line combined payload checkout activity 
at KSC prior to installation of KSC-STS operations. Options B-l and C-l, and B-3 and 
C-3 are comparable to the A-l and A-3 options respectively except that the integration 
occurs at one geographical location - either at a lead center (for the "B" options) or KSC 
(for the "C" options). Combined payload buildup options B-4, B-5, and C-4 are also 
applicable. The only difference in the integration activities of the B-4 and C-4 options 
is the location. Minimization of GSE requirements and maximization of personnel use is 
reflected in this option. The B-5 option is identical to the B-4 option except for the prep- 
aration for shipment activities. In order to limit the width of the over-fhe-road load to 
less than twelve (12) feet, the two pallet train is disassembled at the lead center and re- 
assembled in the level III stand at KSC. 

Installation/lntegration Constraints 

The ATL payload experiment complement and configuration was assessed to determine 
viable subdivisions of integration activities. Four Spacelab racks and two pallet segments 
are the primary Spacelab mounting elements. Theoretically, six decoupled integration 
activities could be synthesized. However, neither pallet segment can be decoupled from 
rack mounted equipment and still achieve effective/efficient level IV integration. Also, 
the combustion facility experiment requires two facing racks and an assembly mounted on 
the interconnecting floor segment. Thus, rack-floor and rack-pallet segment combinations 
were determined to be the only practical combinations for decoupled level IV integration 
activities. 

The selected combinations of experiments and Spacelab mounting elements for de 
coupled integration activities are listed in Table 3-14. Each experiment can be totally 
integrated and verified at a site. In no case are end items of an experiment required at 
more than one site. 
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Table 3-14. Mini-Center Experiment and Spacelab 

Hardware Distribution 



Expt. 

No. 

Title 

Min i -Center 
No. I 

ST-10 

ST-25 

ST-26 

Spacelab Rack No. 5 
Spacelab Rack No. 6 
Experiment Floor Segment 
Pallet No. 1 

Microwave Radiometer Measurements 
Combustion Facility 
Geophysical Fluid Flow 

Mini -Center 
No. 2 

EH 

Spacelab Rack. No« 3 
Drop Dynamics Module 
Two-Phase Heaf Transfer Facility 

Mini -Center 
No. 3 

SF-2 

ST-2 

ST-3 

ST -5 
ST-1 6b 
ST-20 
X-2 

Spacelab Rack No. 4 
Pallet No. 2 
Forward Support Structure 
Space Teleoperator Demonstration Unit 
External Contamination Monitoring 
Tunable Lasers For Resolution Atmospheric 
Constituents and Pollutants 
Adv. Tech. Radiometer/Column Density 
Basic Structural Elements (Erectable) 
Space Calibration of Solar Cells 
Precision Attitude Reference 
Determination System 


Ground Processing ^Equipment Requirements 

Level IV integration activities are initiated upon receipt of all equipment necessary 
for installation and verification. Equipment considered essential includes experiment 
equipment, Spacelab interfacing equipment, Spacelab oriented GSE, and experiment 
unique special test equipment. 

Experiment Equipment 

A compilation of experiment equipment and interconnection equipment is presented 
in Table 3-15. The table identifies those end items that will be installed at each distrib- 
uted site. All of the listed equipment is required at a centralized site. The FSS equipment 
which cannot be installed until .level I integration was included in the inventory of mini- 
site 3 equipment because of the associated controls that will be mounted in rack No. 4. 

The AFD experiment, X-2, was arbitrarily included in the inventory of mini-site 3. 
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Table 3-15. 


Experiment End Item Equipment 


ITEM DESIGNATION 

DISTRIBUTED (Ml NH CENTERS 

SITE *1 


SITE >3 

RACK INSTALLED EXPERIMENT END ITEMS 

1 (SET) 

1 (SET) 

1 (SET) 

PALLET INSTALLED END ITEMS 

1 (SET) 

1 (SET) 

I (SET) 

RACK CABLE SETS 

4 

2 

2 

PALLET CABLE SETS 

2 ' 

.0 

2 

INTER-RACK CABLE SETS 

4 

0 

0 

FILM VAULTS 

0 

0 

3 

OPTICAL BENCH TRUNNION 

0 

1 

0 

ORBITER INSTALLATION (AFD) (LEVEL II) 

0 

0 

0 


Spacelab Flight Hardware 

The required complement of Spacelab provided flight hardwire for the ATL payload 
is listed in Table 3-16. Note the transition cables across the first pallet of the two pallet 
train {for functions on the second pallet) are also identified as Spacelab provided. 


Table 3-16. Spacelab Unique Flight Hardware 


ITEM DESIGNATION 

t 

DISTRIBUTED fMI Nl) CENTERS 

SITE *1 

site n 

SITE *3 

PALLETS 

1 

0 

1 

RACKS, SPACELAB, DOUBLE 

0 

1 

1 

RACKS, SPACELAB, SINGLE 


0 


FLOOR SEGMENT (RACK), DOUBLE 


' 0 

H 

COLD PLATE ASSEMBLY 


0 

SSH 

EXPERIMENT POWER DISTRIBUTION BOX (EPDB) 

1 

0 


REMOTE ACCESS UNITS (RAU'S) 

v _ I /. '-m 

0 

1 

POWER HARNESS, PALLET 


n? 


SIGNAL HARNESS, PALLET 

■ . 

BH 


UTILITY BRIDGE, CONN. BRACKET, FEEDTHRU 

m 

mm 

m 


3-119 


SD 78-SR-0009-2 

















Rockwell International 

Space Division 


Ground Support Equipment 


Table 3-17 provides a list of the required Spacelab related GSE. Descriptions of 
each item of G.SE..are presented- in Appendix - E. Bofh distributed site and centralized site 
requirements are identified. A significant reduction in GSE requirements for the central- 
ized site, approach can be noted. 

Table 3-17. Ground Support Equipment 


ITEM DESIGNATION 

LEAD CENTER 
* REQMTS. 

DISTRIBUTED ^MINO v. 

ENTERS 

SITE »1 

SITE "2 

SITE *3 

DOUBLE RACK HANDLING Kit 

* 613050 i 

* 1 

0 

1 

n 

VERTICAL SLING KIT 

612006A *• 

1 

1 

0 


FEED THRU'PROT. COVERS 

612003 

•\ i 

1 

0 

1 

PALLET SEG. FLOOR COVERS 

612010' ‘ ’ 

V 2 

u - 



PALLET SEGMENT SUPPORT 

612013 

... i . 


0 

n 

RACK/FLOOR SHIPPING COVER 

612047 / ; 

T 


0 

mm 

RACK/FLOOR TRANSPORT PLATFORM 

612048 

1 

■ 


M 

RACK/FLOOR SUPPORT BRACES 

61204? 

. V 


0 

0 

PALLET COVER 

612059 * 

• 2 

i 

0 

1 

PALLET PLATFORM 

612060 4 

2 

i ■ 

- 0 

1 

DESICCANT CANISTER LARGE . 

612067 > . ‘ 

.-v r i 

i 

0 

1 : 

DESICCANT CANISTER MEDIUM 

612068 

• , 1 

i 

1 

1 

ACTIVE ENVIRONMENT CART 

612071A \ . 

, ' 2 

i 

0 

1 

ROAD TIEDOWN KIT 

612106 • 1 

' 1 

i 

0 

1 

HORIZONTAL SLING KIT 

612110 ... 

\ 1 

i 

0 

1 

TRUNNION HANDLING FITTINGS 

612113 • 

A 

4 

mm 

4 

REFRIGERATION. UNIT 

612115 1 

■ 1 1 

1 


0 

RACK COOLING UNIT 

612XXX . i 

1 

1 


1 

CLEANING KIT 

612114 

1 * 

1 

1 

1 

DESICCANT DRYING OVEN 

614002 

1 

1 

0 

1 

GROUNDING/BONDING TESTER 

613039 ' ' 

'' * 1 

1 

1 

1 

PORTABLE LEAK DETECTOR 

612080 • • 

1 

1 

■ 1 

1 

FREON SERVICER ' 

• 612084 ' ‘ 

1 

1 

0 . 

0 

FREON LEAK- DETECTOR 

612086 i 

‘ 1 

1 

0 

0 

OPTICAL ALIGNMENT KIT ‘ . 

. 612040 • ' • 

1 

1 

0 

1 

TRANSPORT INSTRUMENTATION 

614XXX 

1 - 

1 

0 

1 

OPERATOR’S CONSOLE 

612XXX •• 

«1 

1 

0 

0 


Special Test Equipment . . 

In addition to the Spacelab related GSE,. experiment unique GSE is also required. 
These items are identified in Table 3-18, The items are considered to be provided by the 
experimenter and are only for handling, .installation, and verification of interfaces estab- 
lished during, level IV integration. 
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Table 3-18. Special Test Equipment 


ITEM DESIGNATION 

LEAD CENTER 
REQMTS. 

DISTRIBUTED (MINI) CENTERS j 

SITE *1 

SITE rf 2 

SITE *3 

CABLE SETS & ADAPTERS 


t 

1 

l* 

. 1 

OPTICAL BENCH SUPPORT CART 

(j) 

1 

0 

0 

1 

1 NERT GAS CART 

Oj 

1 

1 

1 

1 

ESS HOLDING JIG & COVER 

ff) 

1 

0 

0 

' I 

BROAD BAND ILLUMINATOR 

lD 

1 

1 

0 

* '0- 

ANTENNA SUPPORT CART 

0 

1 

1 

0 

0 

0 EXPERIMENTER GSE - NOT PRORATED 







Installation and Test Procedures 


The basic tasks of installation and test are essentially the same regardless of the pro- 
cessing option used. Tasks required at each mini-center may be conducted serially or in 
parallel to the other mini-centers which will vary GSE, Manpower and serial processing 
times. But the basic requirements remain the same. Thus, generic installation and test 
requirements were developed for the ATL payload that formed the basis for tailoring the 
activities to the particular sequence of activities of a processing option. 

Assembly Procedures 

A pictorial presentation of the installation activities of level IV integration is shown 
in Figure 3-62. The activities depicted in this figure provided the basis for development 
of the step-by-step sequence of activities. Also, the scenario was used as a check/ba lance 
that all required GSE was identified. 

Test Procedures 

The design configuration of the ATL payload/experiments requires a significant man- 
machine interface. Manual activation, control, and monitoring of the experiments is in- 
herent in the design. Also, each experiment consists of numerous end items that are inter- 
connected and interact with each other. Therefore, interface verification for this payload 
is extensive. 

Verification test requirements were established for each experiment to establish the 
integrity of the installed configuration. It was assumed that all equipment was operational 
and within performance/specification limits. Therefore, the tests were prescribed only to 
verify proper response to a command. Acceptable responses included light indicators, 
meter readings, and CRT waveform, and status lists. Use of the PCM data stream via an 
interfacing RAU and CDMS simulator was included. Table 3-19 consists of a synopsis of 
the verification tests required for each experiment of the ATL payload after installation in 
the flight configuration. These test requirements were the basis for time and manpower esti- 
mates in the development of the ground processing flows. 
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Table 3-19. ATL Experiment Verification Tests 


k 

5 




Mini-Center 1 Verification 
ST-10 


Verify: 

Main power on indicator and status panel of C/D 

Antenna assy electromagnetic latch disconnect 

Antenna assy motion off drive motor activation 

Scan motor power on at indicator of C/D 

Position lock disconnect of C/D 

Scan drive activation from antenna scan 

Scan position read out 

On L/S, C/X, and K bands 

Aux. control unit power on at C/D indicator 

In mode manual observe digital temp R.O. from freq. variation 

In channels 1,2, &3 observe effect of calib. controls on digital temp. 

Vr] & Vr2 at digital voltmeter 

T 0 , Tai, T ^2 at digital voltmeter 

Change in digital voltmeter from temp, set variation 

Repeat previous five steps in mode auto sweep 

ST -26 


Verify: 

System control power on 

Use waveform record and CRT at signal amplifiers of tape recorder 
to verify: 

Modes in calibrate and operate test controls, set points, and sphere 

conditions for experiments 1-10 

Experiment number 

System status 

Test status 

Tape recorder power on 
Tape recorder operations 


ST-25 


Verify: 

Main power on at indicator of C/D 
System status at light panel 

Chamber combust test position and pressure in positions 1,2, &3 
note changes in pressure R.O. at digital display 


3-125 


SD 78 -SR -0009-2 



Rockwell International 

Space Division 


Table 3-19. ATL Experiment Verification Tests (Cont'd) 

ST-25 (Cont'd) 

Chamber combust in test position and temperature in positions 1, 2, & 
3 note changes in temperature R.O. at digital display 
Chamber combustion using simulated signal at pressure and temperature 
position 

Vent open and close at indicator 
Purge monitor using simulated signals 
Spark igniter circuit using simulated signals 
Test control power on and start 
Droplet test power on 

Syringe position in forward & reverse on digital display 

Electrostatic field on 

Drop deploy on 

Limit test power on 

Limit test inertial part deploy 

Particle cloud test power on 

Fuel particle deploy 

Vibrator on 

Liquid pool test power on 
Pan fill on 

Carbon test power on 
Spectrometer on 

Scan rate in fast, med, and low 
Position rate in fast, med, and low 
Temperature change in test and calibrate 
Camera power on 

Shutter operation in auto and fast forward modes 
Frame rate selection (use film lead) 

Gas mix fill power on 

Regulator controls (3) off digital R.O. 

Vent open and close 
Combustion chamber on 
Test chamber on 

Pre mix valves (3) open and close 
Oreface-fank switch (operation of valves) 

Photomultiplier pov*e r on (1 and 2) 

Sensitivity adjust 1 and 2 at digital R.O. using Output Selector and 
sensitivity select. 

Data handling power and sequencer selection . 

Leak test plumbing 
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Table 3-19. ATL Experiment Verification Tests (Cont'd) 


Mini-Center 2 Verifications 
ST-1 


Verify: 

Verify at panel of power conditioning equipment, 28 VDC output. 


ST-21 


Verify: 

Main power on at C/D indicator and system status 

Pressurization ethanol valve open at C/D indicator 

Pressurization methanol valve open at C/D indicator 

Pressurization water valve open at C/D indicator 

Boiler inlet ethonol valve open at C/D indicator 

Boiler inlet methanol valve open at C/D indicator 

Boiler inlet water valve open at C/D indicator 

Boiler vent valve open at C/D indicator 

Receiver inlet valve open at C/D indicator 

Receiver dump valve open at C/D indicator 

Bulk powe"r“on at C/D indicator 

Test power on at C/D indicator 

Radiant power on at C/D indicator 

Flow tube power on at C/D indicator 

Source selector in BH through voltage & current range 

Source selector in TH through voltage & current range 

Source selector in RH through voltage- & current range 

Source selector in FTH through voltage & current range 

Digital R.O. of temperature & pressure at source selector N2 thru TH 

Cine camera power on at camera and indicator 

Lights on at light indicator 

Shutter operation in auto and fast forward 

Film remaining (use film lead) 

‘Data handling power on 
Sequence selector at C/D indicator 1 thru 5 
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Table 3-19. ATL Experiment Verification Tests (Cont l d) 


Mini-Center 3 Verification 
SF-2 


Verify: 

Main power on at indicator of *C/D 

Cradle latch open at indicator of C/D 

Manipulator power in auto and manual positions on C/D 

Manipulator arm in deploy/retract to detent positions on indicators 

on C/D and by arm observation 

Lamp in test and status at indicator of C/D 

End effector in closed, hold, and open position on indicators on C/D 
and by observation 

Translation ratio readouts in high, medium and low on C/D and by 
observation 

Force readouts using simulated signals to manipulator 

Torque readouts using simulated signals to manipulator 

Manipulator brake positions 1,2, 3, 4, 5 and 6 using light panel of C/D 

Heaters for arm on indicator of C/D 

Force and moment in X,Y and Z on meters of C/D 

Docking power on at indicator of C/D 

Docking probe deployment and retraction at C/D and observation 

Docking spin rate using simulated signal 

Docking motor power to detent at C/D indicator 

Docking latch open by observation and indicator of C/D 

Docking despin grip open using simulated signal 

Docking despin clutch using detent and indicator at C/D 

Power on at cameras A and B on C/D indicator 

Status at built in test of cameras A and B 

Zoom by observation and on display of C/D cameras A and B 

Positioning in deploy/retract/auto track/indicators and manual track 

by on C/D 

Pointing positions in up/down and L/R by observation 

Tilt position up/down by observation 

Task board power on by indicator on C/D 

Task board test on by indicator on C/D 

Status of task bpard on built-in test 

Voltages on task board on indicator of C/D 

Hand controller rotational control by observation 

Hand controller translation control by observation 

Video recorder power on and observation using playback and eraser. 
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Table 3-19. ATL Experiment Verification Tests (Cont'd) 


ST-2 


Verify: 

Verify power to integrated environmental contamination monitor 
(OEM and AAM) at unit. 


ST-3 


Verify: 

Main power on at C/D indicator 
Refrigerator power on at C/D indicator 
Detector poweron at C/D indicator 
Experiment power on at C/D indicator 
Signal processor on at C/D indicator 
Programmed power on at C/D indicator 
System status at light panel 

Optical bench and base unlock at C/D indicator and by observation 

Optical bench and base covers open at C/D indicator and by observation 

Refrigerator unlock at C/D indicator 

Refrigerator change in temperature at digital display 

Detector cooler valve open at C/D indicator 

Detector change in temperature at digital display 

Black body power on at C/D indicator 

Temperature indication at C/D indicator 

Scan track controller for simulated coordinates, the computer per- 
formance in test, standby, and run for modes nadir, horizon, and 
offset 1 and 2. 

Dual telescope in horizon, nadir, and blackbody by observing focal 
plane movement. 

Scan mirror mode for standby and track at C/D irtd icator 

Scan mirror position in azimuth and elevation for track using increase 

and decrease drives at digital display 

Programmed power at 8 positions of laser diode at indicator of C/D 
Programmed power at 8 positions of gas cell at indicator of C/D 
CCTV camera on at C/D indicator . 

Auto lite,,and gamma in three positions using video display 
Zoom using video display and camera observation 
Recorder power y on at C/D indicator 
Signals at amplifiers of signal processor 
Inert gas leak test 
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Table 3-19. ATL Experiment Verification Tests (Cont'd) 


ST-5 


Verify: 

Drive motor operation of sun sensor forward to position 1 

Drive motor operation of sun sensor reverse to position 2 

Drive motor return to operational position 

Solar cell amplifier output 

Temperature sensor output at the primary 

Temperature sensor output at the detector array 

Temperature sensor output at the secondary 

Temperature sensor output at the electronics 

Temperature sensor output at the Cornell spectrometer 

Temperature sensor output at the filter spectrometer 

Internal pressure sensor output of radiometer 

Sun Sensor Electromagnetic latch current amplitude 

Sun Sensor Electromagnetic latch deoperate current 

Cover closed contact switch output 

Filter wheel electromagnetic lock output at disconnect 

Filter wheel drive motor at positions 1 ,2, 3, 4,5, 6, 7, 8 and 9 output 

Filter wheel electromagnetic lock output 

Detector readout (w/o calibration) (36) 

Detector preamp readout (w/o calibration) (36) 

Internal calibration unit output 
Detector readout (w/ca!ibration) (36) 

Detector preamp readout (w/calibration) (36) 

Chopper electromagnetic lock release 

Chopper motor operation (verify chopper movement) and lock 
Cornell spectrometer readout (w/o calibration) (100 pos.) 

Cornell spectrometer readout (w/calibration) (100 pos.) 

Filter spectrometer readout (w/o calibration) .(100 pos.) 

Filter spectrometer readout (w/calibration) (100 pos.) 

Phase lock amplifier readout (9) 

Power conditioner output (64 lines) 

Primary mirror heater output 
Data interface buffer output 
Data interface amplifier output 
Data interface formater output 

Tape recorder input to audio amplifiers (sample only) 

Tape recorder tape advance 
Inert gas leak test 
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Table 3-19. ATL Experiment Verification Tests (Cont'd) 


ST-16B 


Verify: 

* 

Instrument element B power on at indicator 


ST-20 

Remove Solar Cel! Test Plate cover and illuminate with a sun simulator 
or strong broadband light source. 

Verify: * 

Main power at indicator 

Voltage outputs of solar cells, channels 1-50 

Temperature of thermocouples, channels 1-10 

Boom extend until indicated 

Boom retract until indicated 

Boom return to launch position 

Sun sensor sun acquisition 

Track lock 

Track mode drive (automatic) 

Track mode X and -X 
Track mode Y and -Y 
Sun shade drive (automatic) 

Replace Solar Cel! Test Plate cover and remove sun simulator. 

Verify: j 

(at system status) $ 

Multiplexer function 
Processor formating 
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Table 3-19. ATL Experiment Verification Tests (Cont'd) 


X-2 


Verify: 

Power to IEU at C/D Indicator 

Gyro heaters on at C/D indicator 

Gyro heater temperature normal at C/D light panel 

Computer power at C/D indicator 

Gyro 1-4 in attitude and bias at C/D digital R.O. 

Gyro 1-4 disable at digital R.O. 

Gyro restart at digital display 

Star tracker 1 and 2 power on at C/D indicator 

Star tracker 1 and 2 track mode at C/D digital R.O. 

Dark sun sensor output at C/D indicator 

Power to sun shade drive motor 


Although ATL experiments do interface/share common recording equipments (Table 
3-20), there is no experiment unique applications program resident in the CDMS computer. 
Verification of operational CDMS/ATL experiment software is required but this software 
only pertains to RAU/experiment interfaces for command initiation and data transfer - not 
data formatting, manipulation, or reduction. Thus, a CDMS simulator will be required to 
interface with the RAU's associated with some of the ATL experiments. 


Table 3-20. Shared Equipments (Experiment & End Item 

i 1 1 ustrated) 


Digital Recorder 

Video Recorder 

X-2 (E. I, 6) 
ST-10 (E.l. 13) 
ST-3 (E.l. 15) 
SF-2 (E.l. 12) 
ST -21 (E.l. 7) 
ST-25 (E.l. '11a) 
ST-168 (E.l. 8) 

SF-2 (E.l. 11) 

ST -16B (E.l. 10) 
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Insta I lotion and Test Sequences (Waterfalls) 


Level IV installation and test sequences were parepared for each mini center and 
lead center concept applicable to the ATL payload. Mini-center sequences are presented in Rgures 
3-63 to 3-65. Each flow was developed to reflect the minimum time required to com- 
plete the level IV activity. 

Mini-Center No. 1 

Items processed through mini-center 1 consists of Pallet 1, Spacelab racks 5 and 6, 
and the floor segment to support the combustion chamber of Exp. ST -25. The combustion 
chamber must be aligned with Exp. end items located in racks 5 and 6 prior to verification. 

Because of the size and location of the ST-10 antenna assembly, installation is deferred 
until all other Pallet ^1 end items and harness and fluid lines are installed. See Figure 3-63. 

Mini-Center No. 2 

Rack 3, assembled at mini center 2, consists entirely of experiment ST-21 end items. 

It can be assembled and verified independently of other racks and pallets. If mini-centers 
were to be minimized, this activity could be combined with another mini center with mini- 
mum impact. However, it was considered separately to reflect a more representative ATL 
type of payload. See Figure 3-64, 

Mini-Center No. 3 

Rack 4 along with pallet 2, and the FSS, are mated with the appropriate end items 
at this mini center. Prior_to_ verification, the rack, FSS and pallet 2 must be mated elec- 
trically. This is accomplished where possible with flight harnesses, but in most cases is 
done with GSE wiring. The inter-pallet harnesses which are installed in pallet 1 are sim- 
ulated on pallet 2 by GSE cables. See Figure 3-65. 

Centralized Site Sequences 

Two centralized site sequences were developed. The first sequence (See Figure 3-66.) 
reflects the level IV integration activities associated with individual/decoupled experi- 
ment/mounting element integration. Applicable options are B-l, B-3, C-l and C-3. In 
options B-l and C-l (shown in Figure. 3-66 j ,the level IV activity is completed 

upon completion of individual experiment/mounfing element verification tests (comparable 
to the A-l option). In the case of the B-3 and C-3 options (not shown), the additional 
combined payload checkout activity is applicable (comparable to the A-3 option). 
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RECEIVE 4 INSPECT ST-25 END ITEMS 4 ASSOC. S/L EQUIPMENT (8) 
RECEIVE 4 INSPECT ST- 10 END ITEMS & ASSOC. S/L EQUIPMENT (8) 
RECEIVE 4 INSPECT ST-26 END ITEMS 4 ASSOC. S/L EQUIPMENT (8) 


INSTALL ST-25, El 8 INTO RACK 5 (2) 

INSTALL ST-2S, El lib INTO RACK 6 (2) 

“J INSTALL ST-25 El's 9 4 10 INTO RACK 5 (2) 

TlNSTALL ST-25, El 7 OH RACK 6 (1) 

|"| IN STALL ST-25, El 3 ON RACK 6 (l) 

“| INSTALL ST-25, El 2 ON El 1 (2) 

INSTALL ST-26, El 1 ON RACK 5 0) 

1 INSTALL ST-26, El 2 ON RACK 5 0) 

INSTALL ST-10, El 14 ON RACK 6 (1) 

INSTALL RACKS 5 4 « ON FLIGHT FLOOR (6) 

| INSTALL ST-25, El 1 ON FLOOR 4 ALIGN WITH El 7 4 8 (4) 

1 | INSTALL POWER HARNESS ON RACK 5 (12) 

| ‘ | INSTALL POWER HARNESS ON RACK * (12) 

| | INSTALL SIGNAL HARNESS ON RACK S (1Z> 

| [ INSTALL SIGNAL HARNESS ON RACK S (12) 


CO 

CO 

4v 


Ln 

o 


00 


00 

70 

I 

o 


[ INSTALL ST-25, El's 4 4 5 ON PALLFT (4) 

INSTALL ST-10, El 8 OH COLO PLATE (4) 

INSTALL ST-10, El 9 ON COLO PLATE (4) 

INSTALL ST-10, El 11 OK COLD PLATE (4) 

INSTALL ST-10, El 10 OH COLD PLATE (4) 

INSTALL ST-10, El 12 OH COLD PLATE (4) 

~| INSTALL ST-10, El 7 ON COLD PLATE (4) 

1 INSTA LL ST-10, EPS 1 through 6 l IS ON SUPPORT STRUCTURE 4 STORE (4) 

] INSTALL FILL 4 VENT LIKES FOR ST-25, El 4 4 TERMINATE AT UTILITY TRAY (4) 

| INSTALL PALLET POWER HARNESS (36) (DO NOT CONNECT TO ANTENNA AS5Y) 

| 1 INSTALL PALLET EXPERIMENT SIGNAL HARNESS (36) (00 NOT CONNECT TO ANTENNA ASSY) 


CONNECT 02, N2 4 CH4 SUPPLY LINES BETWEEN ST-25, El 1 4 THE AFT £KD CONE SUPPLY LINE COWECTOR (6) 
CONNECT VENT LINE BETWEEN ST-25, El 1 4 RACK VENT LINE CONNECTOR PANEL (6) 

CONNEC T FREON SERVICER 4 REFRIGERATION UNIT TO THE S/S FREON LOOP Q/D'« 

INSTALL ST-10 ANTENNA ASSEMBLY 4 CONNECT HARNESSES (4) 

INSTALL CABLING TO POWER 4 GSE (4) 


“1 install 


VERIFY ST-10 (SEE TABLE 3-9) <B) 


VERIFY ST-25 (SEC TABLE 3-9) (8) 

~ | | VERIFY ST-26 (SEE TABLE 3-9) (4) 


A 


DISCONNECT 4 STOW ST-25, El Z (1) 

DISCONNECT CA BLING TO POWER 4 GSE. 4 AIR FLOW GSE (1) 
~ I SECURE AIL EQUIPMENT FOR SKIPPING (8) 


Figure 3-63 , ATL Mini-Center ^1, Pallet 1, Racks 5 & 6. 
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RECEIVE 4 INSPECT END ITEMS (8) 

INSTALL ST-21 HEAT TRANSFER ASSEMBLY INTO RACK 3A (2) 

INSTALL ST-1, El 7 INTO RACK 36 (2) 

INSTALL ST-21, El 11 INTO RACK 3A (1) 

INSTALL ST-21, El 8 INTO RACK 3A (1) 

&jjN STALL ST-21, El 9 INTO RACK 3A 0) 

TT1 INSTALL & ADJ UST ST-21, El 10 INTO RACK 3A TO ILLUMINATE ST-21, El 1 (POS. I) & ST-21, El 5 (POS. 2) (2) 

INSTALL POWER HARNESSES IN RACK 3A 4 36 (10) 

INSTALL SIGNAL HARNESS IN RACK 3A (10) 

CONNECT ST-21, El 6 VENT 4 DUMP LINE TO S/l VENT RACK CONNECTOR PANEL (6) 
CONN ECT GSE EQUIPMENT (4) 

VERIFICATION (6) (SEE TABLE 3-10) 

DISCONNECT CABLING TO POWER & G5E & AIR FLOW GSE (2) 


10 


IK 


M 


SECURE ALL EQUIPMENT FOR SHIPPING (8) 


CO 

Or 


Figure 3-64 , ATL Mini-Center #2 r Racks 3A & 3B 
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| RECEIVE 4 INSPECT ST-5 END ITEMS (ft) 

j~ RECEIVE i INSPECT ST- 3 END ITEMS (A) 


1 RECEI VE 4 INSPECT ST-20 END ITEMS (4) 

~ f [ RECEIVE 4 INSPECT X-2 END ITEMS (4) 
j j RE CEIVE 4 INSPECT SF-2 END ITEMS (6) 

f | RECEIVE & INSPECT ST-16B END ITEMS (3) 
□ RECEIVE 5 INSPECT ST-2 END ITEMS (2) 


a INSTALL SF-2, El 13 IKTO RACK 4a (2) 

] INSTALL SF-2, El 9 * El 10 IHTO RACK -4* (2) 

|J INSTALL SF-2, El 8 INTO RACK 4b (1) 

[] INSTALL ST-3, El 11 INTO RACK -4a (1) 

|~[ I NSTALL ST-20, El S INTO RACK -4b (1) 

\[ Install x-2, ei 7 into rack -4b (i> 

f IN STALL POWER HARNESS ON RACK -4* (10) 

I | INSTA LL SIGNAL HARNESS ON RACK -4a (10) 

1 | IN STALL POWER HARNESS ON RACK -4b 

j 1 INSTALL SIGNAL HARNESS ON RACK 


(6) 

-4b (6) 


L_Ltr 

F 


Z, 




INSTALL SF-2, STDU (EI 1-6) ON FSS (2) 

’ INSTALL ST-16B, EI 5 ON FSS (5) 

INSTALL POWER H ARNESS FOR F5S (10) 

] INSTALL EXPERIMENT SIGNAL HARNESS FOR FSS (10) 



INSTALL ST- 3, El 2 THROUGH 6 TO EI t 

l ATTACH ST-3, EI 1 THROUGH 6 ASSEMBLY TO TRUNNION SUPPORT (4) 

J ATTACH_ST-3, El's 9. 10, 12^, 13 A 14 TO BASEPLATE OF ST-3 El /TRUNNION ASSY & STORE <*) 
INSTALL X-2, EM ON EI 5 (2) 

INSTALL X-2, EI 2 6 3 ON EC $ (2) 

INSTALL X-2, EI 4 ON EI 5 (1) 

___ VTTACH X-2 E! 1 THROUGH 5 ASSY X RESTORE (6) (OPTICAL BENCH ASSY) 

| INSTA LL ST-2 El's 1 A 2 ON PALLET 2 (4) 

□ INSTALL ST-5, EI 1 i EI 8 ON SUPPORT BRACKET (4)' 

| INSTALL ST-5 El's 2 THROUGH 6 ON PALLET 2 (2) 

□ INSTA LL ST-5, EI 7 ON PALLET 2 (2) 

INSTALL ST-5, El 1/8 ASSY ON PALLET 2 (4| 

INSTALL ST-20, EI 7 ON PALLET 2 (2) 

■ INSTALL ST-20, El's 1 THROUGH 4 ON PALLET 2 (4) 

INSTALL ST-20, EI 6 ON PA LLET 2 (1) 

IN5TALL PA LLET : P f £R HARNESS (28) 00 NOT CONNECT TO OPTICAL 0ENCH ASSY 

j INSTALL PALL ET 2 EXPERT! SIGNAL HARNESS (28). 00 HOT CCKUECT TO OPTICAL BENCH ASSY 
” ■ INSTALL ST-3 OPTICAL DENCH ASSY ON PALLET 2 AND ALIGN (8) 



INSTALL SHe FILL/VENT LINE BETWEEN ST-5, EI 8 A AFT PALLET 2 ATTACK POINT (6) 

B L SHe OVERBOARD BLEED LINE BETWEEN ST-5, EI 1 l AFT PALLET 2 ATTACH POINT <$) 
CONNECT FACILITY POWER I GSE (4) 


VERIFICATION (40) (SEE TABLE 3-1 1) F 


DISCONNECT CABLES TO POWER 4 GSE 4 AIA CART (2) 

SECURE EQUIPMENT FOR SHIPPING (Sf 


Figure 3-65 , ATL Mini-Center # 3, Pallet 2, Racks 4A &4B, & Special (SF-2 & STI6B) 
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In all four of these options. Individual racks and pallet segments are received at the 
integration site except racks 5 and 6 which are mounted to the floor segment. Regardless 
of wh ich of the four options used the Spacelab mounting element {with the experiment 
equipment installed and verified) are returned to KSC for STS integration activities at the 
same level of assembly. That is, level III assembly in the O&C building is required. 

The second detailed installation and test sequence (Figure 3-67 ) is applic- 

able to the B~4, B-5 and C-4 options. In these options, the rack/floor assembly and 
pallet train are received at the level IV integration site. Other than alignment and 
grounding tests, all experiment equipment is installed in racks/on floors and pallets prior 
to verification testing. 

The B-4 and C-4 activities are identical. However, a delta activity for the B-5 
option is indicated in Figure 3-66. This activity pertains to the disassembly of the pallet 
train to facilitate over-the-road transportation with load widths less than twelve (12) feet. 

Post Flight Experiment Deintegration Waterfall 

Post flight deintegration of racks, floors, pallets and associated wiring and plumbing 
is shown in Figure 3-68. The deintegration time bars'are simplified, but are based on the 
more detailed analysis performed for buildup operations. The deintegration activity occurs 
at KSC. 

ATL Payload Ground Processing Cycles 

In order to define total flight hardware involvement time, and support manpower re- 
quirements, flow diagrams were prepared to show the full cycle of installation and test 
activities which are required from start of staging to completion of post-flight deintegration. 
The diagrams illustrate the serial processing times required to accomplish the level IV effort 
associated with the preparations for and installation of experiment equipment, interface 
verification testing, and subsequent shipments. Applicable KSC-STS operations are in- 
cluded and reflect current time allocations. A reference mission time of seven (7) calen- 
dar days is also included. 

Figure 3-69 summarizes the cycle for the applicable distributed options A-l and A-3. 
The only difference is due to the off-line combined payload checkout activity (function 
blocks 7, 8 and 9) at KSC prior to KSC-STS operations. Applicable lead center cycles 
are presented in Figure 3-70. Cycles for KSC options are summarized in Figure 3-71. 
Transportation times are the only differences between comparable lead center and KSC 
options. 
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PSCElYt 1 IN SPECT PALLET I INSTAUEQ END ITEMS (M) 
{NSTALL END (TIMS ON PALLET I 19.0} 

1 INSTALL FILL 1 VENT UKKS (4.0) 


~1 INSTALL POWEJtHAJtr-ESSESCiN PALLET 1 (35. ft 


7 INSTALL S O HM. KARNES SU ON PALLET I (49.(0 
| ] INSTAU EXP S1.1D ANTENNA A55 Y □ WALLET I U.O) 


~Tfcp rvt A lN£lf CT FSS I NSTALLEO ENO ITEMS {S.a] 

I 1 (TC I ALL £XF 5T-1 E NO ITEM 7 ON PJS {2.01 
|"j INSTA LL EX? SF-2SN0 ITEMS I -6 ON p$s (2.0) 

I | INSTALL tXP ST-23* E'-m jTEMj S A ICON FSS (4.0} 

I 1 INSTALL POWER HA*P*5S ON FS5 (0.0) 

[ ~ ~ 1 INSTALL SIGNAL HARNESSES ONfSS(W.p 


FOUWJT FftAMB 


H ASSEMBLE A INSTALL EXP ST^3 END ITEMS ON TJUNNlOH SUPPORT BASE OP OPTICAL t£hCH ASSY (U.O) 
~1 ASSEM BLY PXP X-7 E NO ITEMS [5.0} 

1 I INSTALL EXP X-2 END ITEMS ON TRUNNION SUPPORT BASE OP OPTICAL BENCH ASSY (4.0) 


1 RECEIVE A INSPECT PA LLET 2 INSTALLED END ITEMS (12* 

[ | INSTALL END ITEMS ON PALLET 2 [14. □] 


~| INS7AU, POWER HARNESSES ON PALLET 2 (2 9. 0) 

1 INSTALL SIG NAL HARPCS5E5 ON PAUET 2 (£2.0 


INSTAU OFT ICAI SEP-CH ASSY ON PAUET 2 (9.0) 

INSTALL SH. VENT LIPCS(A.Q) 

I INSTALL SH, OYER BOARD ILEEO LEDCStf.O) 


| POSIT ION PAYLOAD ILrtASSEMILIRS FOR VEIIFJCATJGN TESTS (3.0) 
] CONNECT OSE PLUMBING (4.C) 

] CONNECT FSS TO XACK/TLOOC ASSY [*.0 


.^uOUT FDAMfi’ | 



1 CONWCT PALLETS TO BACK/FLOO* ASSYW.OJ . i 

\ CONKCT OSE POWER CABLES (2-0 ^ 


n 



VILIFICATION TESTS <« 

kfll 

1 CQMBIKD PAYLOAD CHECKOUT Oi.« 

[] SECtat TEST EQUIPMENT (3,(1) 
r 1 DtscOP*f«cr payload an assemblies 

i 

i 1 



Figure 3-67, ATI Lead Center/KSC Processing Flow, Options B-4 and C-4 
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DAYS 
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HOURS 
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| 20 | 24 



PALLET 2 


REMOVE SIGNAL HARNESSES ON THE FORWARD SUPPORT STRUCTURE <FSS) (4) 

REMOVE POWER HARNESS ON THE FSS (2) 

REMOVE ST-HB END ITEMS FROM THE FSS (l) 

REMOVE SF-2 END ITEMS FROM THE FSS <l) . 

REMOVE THE FORWARD SUPPORT STRUCTURE (2) 

10 HOURS 

REMOVE f OWER HARNESS FROM RACKS 8-<A & 4B {4) 

REMOVE SIGNAL HARNESS FROM RACKS R-4A & 4B (4) 

] REMOVE EXPERIMENT END ITEMS (X-2, ST -20, ST 4 & SF-2) FROM RACKS R-4A 6 4B (6) 

14 HOURS 

REMOVE EXPERIMENT ST -21 VENT AND DUMP LINES FROM RACK L-3 VENT CONNECTOR PANEL (2) 

REMOVE POWER HARNESS FROM RACKS L-3A & 3B f4) 

REMOVE SIGNAL HARNESS FROM RACKS L-3A 5 3B (4) 

REMOVE EXPERIMENT ST-2t END ITEMS FROM RACK L-3A (2) 

REMOVE EXPERIMENT ST-1 END ITEMS FROM RACK L-3B (2) 

14 HOURS 

REMOVE EXPERIMENT ST -25 GAS SUPPLY UNES FROM AFT END CONE SUPPLY LINE CONNECTOR (2) 
REMOVE EXPERIMENT ST -25 VENT LINE FROM RACK VENT LINE CONNECTOR PANEL (2) 

REMOVE POWER HARNESSES FROM RACKS L-5 AND R-6 (3) 

REMOVE SIGNAL HARNESSES FROM RACKS L-5 AND R-6 (3) 

1 RE MOVE EXPERIMENTS ST -25 6 $T-|0 END ITEMS FROM RACK' R-6 AND FROM FLOOR (4) 
□ REMOVE EXPERIMENTS ST -25 & ST-26 END ITEMS FROM RACK L-5 (2) 

16 HOURS 

DISCONNECT EXPERIMENT $T -5 OVERBOARD SH^ BLEED LINE (2) 

DISCONNECT EXPERIMENT ST -5 SH e VENT LINES (2) 

REMOVE EXPERIMENT ST -3 OPTICAL BENCH ASSEMBLY FROM PALLET 2 (4) 

REMOVE PALLET 2 POWER HARNESS (7) 

REMOVE PALLET 2 SIGNAL HARNESS (7) 
f \ RE MOVE EXPERIMENT ST -2 END ITEMS FROM PALLET 2 (U 
I | RE MOVE EXPERIMENT X-2 END ITEMS FROM PALLET 2 i2) 

1 | RE MOVE EXPERIMENT ST-20 END ITEMS FROM PALLET 2 (2) 

Q REMOVE EXPERIMENT ST -5 END ITEMS FROM PALLET 2 (2) 

22 HOURS 


1 DISCONI 
~1 DISCC 


□ 


REMOVE EX PERIMENT ST-25 FILL 6 VENT LINES (2) 

REMOVE PALLET I POWER HARNESS (8) 

REMOVE PALLET 1 SIGNAL HARNESS (8) 

REMOVE EXPERIMENT ST-10 ANTENNA ASSEMBLY (2) 

REMOVE EXPERIMENT ST- 10 END ITEMS FROM COLD PLATES OF PALLET I (6) 
REMOVE EXPERIMENT ST-25 END ITEMS (2) 

20 HOURS 

n SECURE SA ‘SUBSYSTEM INTERFACES (2) 

TOTAL = 24 HOURS 


If 


Figure 3-68 , ATL Level IV De integration 
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4.0 LEVEL IV INTEGRATION RESOURCE REQUIREMENTS 


Estimates of the resources required for each of the applicable ground processing options 
for the four representative payloads were developed. The resources addressed were per- 
sonnel, temporary relocation (TOY), transportation, GSE, and Spacelab flight hardware. 
The waterfalls presented in Section 3 for each of the options were the basis for the defini- 
tion of the tasks, the required manpower, and the involvement times of the GSE and flight 
hardware. Transportation estimates reflect the variations of inter/intra-site shipments for 
the various options. 

PERSONNEL REQUIREMENTS 

Three categories of personnel were considered, hands-on personnel, host-center sup- 
port, and STS operations support. The hands-on personnel estimates reflect the engineers, 
technicians and quality assurance personnel that perform the installation, checkout, inte- 
gration, inspection, etc, with the experiment and Spacelab hardware. Host -center sup- 
port personnel estimates reflect those engineers and technicians at a lead center or KSC 
required to assist hands-on personnel in accomplishing the integration activities at an un- 
familiar site with unique equipments and support procedures. STS operations support per- 
sonnel estimates reflect the on-site support of the Level IV integration at KSC during 
Spacelab and Orbiter integration activities. The hands-on effort associated with STS op- 
erations was assumed to be accomplished by KSC personnel and was not included in these 
estimates. 

Hands-On Personnel Requirements 


These estimates were based upon the specific tasks of Level IV integration delineated 
in the waterfalls for each option for each payload presented in Section 3. Each task was 
analyzed to establish the engineer, technician and quality assurance personnel required. 

Both the scope of the task as well as the accessibility of the equipment and the time esti- 
mates were considered in developing realistic manpower estimates. 

Estimating Methodology 

initially, the manhours required (by skill level) for each task were estimated. As 
parallel activities frequently occured during the ground processing cycle, manpower esti- 
mates were summed as a function of the processing times. These summations were con- 
verted to personnel requirements, which resulted in a slight increase in available manpower. 

Where appropriate, a weighted personnel requirement was established for each phase 
of the integration activity. For an example, during installation activities technician sup- 
port requirements could vary significantly from day to day. It would be unrealistic to 
assume that personnel would be available on a sparodic need basis. Therefore, the total 
man-days of technical support for the installation activity was divided by the days of the 
activity to obtain the average requirement. This average personnel level was then compared 
to the peak requirement. Activities preceding and following the peak activity were assessed 
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to determine if the task could be extended in duration and thus reduce the peak manpower re- 
quirement,, The net result of these analyses was an increase in the personnel requirements of 
about 10% above the absolute manpower estimates for each individual task. It is noted that 
a more detailed trade-off should be conducted to select a final method of averaging. If the 
overall ground processing sequence times were extended these new times were included as the 
final hardware involvement times. 


Personnel Estimates 


Personnel estimates were summarized by the functional activities (functional blocks) 
defined in Section 2. These estimates are summarized in Tables 4-1 thru 4-4 for the four 
representative payloads. For cost estimating purposes mechanical, electrical, and logistics 
engineers were grouped into one heading. A similar grouping of technicians and inspectors 
was made. The personnel required for each activity and the total number of working days 
for that activity are shown in the tables for each applicable option. 

Host Center Support Requirements 

During the course of the Spacelab program, numerous experiment sponsor/principal 
investigators/integrators will be involved in the ground processing cycle. It would be 
misleading to assume that all experiments integrated at a site were sponsored by that site/ 
center. Some of the experimenters/Level IV integrators will be unfamiliar with the equip- 
ments and procedures of the host integration site. Therefore, a limited cadre of personnel 
at the host site will be required to support the visiting experimenters during integration 
activities. 

The host center support requirements vary as a function of the payload and the pro- 
cessing option. For example, in the case of the distributed site options, host center sup- 
port is minimal becausejt is assumed that the distributed site would be at the sponsor/ 
experimenter's facility/laboratory. In the case of KSC options, it was assumed that none 
of the experimenters were normally stationed at KSC; and thus, host center support would 
be maximum. 


The estimated host center support requirements for each applicable option for each 
payload are summarized in Tables 4-5 thru 4-8. Note that the estimates for lead center 
options are significantly less than for KSC options but more than for distributed site options. 
The rationale was that limited support from experimenters normally stationed at the lead 
center could be utilized. 

STS Operations Support 


Although the actual hands-on work during STS operations will be performed by KSC 
personnel experimenter personnel will be required during these activities. Experiment 
.unique interfaces including servicing, test, and launch preparation activities will require 
experimenter expertise. The estimates of the operations support requirements for each pay- 
load are summarized in Tables 4-9 thru 4-12. The variations between options for a payload 
reflect the inclusion/exclusion of the level III assembly activities in the O&C building. 
Time estimates reflect the current KSC operational planning flows. 
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Table 4-4. ATL Manpower Requirements 
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Table 4-5. Space Processing Host 
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Table 4-7, Life Sciences Host Center 
Support Requirements 
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Table 4-9. Space Processing STS 
Operations Support 
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Fund. A-l B-2 B-4 C-2 C-4 | 

Block I Tl T Ic ItIf t T I F I T IE r 


Table 4-10. Combined Astronomy STS Operations Support 


KSC Ooerationi Support 



Not* ® Thlt effort performed ct KSC 


Table 4-11. Life Sciences STS Operations Support 


Table 4-12. ATL STS Operations Support 


KSC Operations Support 
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Personnel Cost Requirements 

Nominal yearly salaries of $70K and $60K were assumed for engineers and tech- 
nicians skill levels respectively. These salaries reflect consideTation of overhead/insti- 
tutional base support as well as direct wages. As all time estimates were based upon work- 
ing days personnel costs were developed as a function of the available working days per 
year. The nominal number of available working days per year is 250 after consideration 
of weekends, holidays, vacations, and sick leave. 

Personnel costs for the four categories are summarized in Tables 4-13 thru 4-16 for 
the four payloads. 


Table 4-13. Space Processing Summary 
Personnel Costs 


Table 4-14. Combined Astronomy Summary 
Personnel Costs 


Option 

A t 1 

B-2' 

B-4 

C-2 

C-4 

Level IV 

EH 


S 89 K 


E3 

KSC Opi' 
Support 

HI 



■1 

Si 

Host Center 


9 


14 



21 

28 

28 

44 


TOTAL 

S140K 

5 156K 

S156K 

$178K 

$178K 


Option 

A-l 

A -2 

B-l 

B-2 

B-4 

C-l 

C-2 

' ^ 

level IV 

S125K 

S159K 

J125K 



— 


IB 

KSC Ops 
Support 



37 

m 

B 

B 


B 

Host Ctr 

3 

9 

10 

mm 




15 

TDY 

20 

32 

26 

■5 

37 

62 

67 

60 

TOTAL 

S187K 

$239K 

S2O0K 

S234K 

S207K 

S242K 

S280K 

5236K 


Table 4-15. Life Sciences Summary Personnel Costs 


| Option 



B-l 

B-3 

B-4 

8-5 

C-l 

C-3 

C-4 



IB 

$ 89 K 

S103K 

$ 92K 

m 

BS 


S 92K 

KSC Ops 
Support 

B 

B 



60 

B 

B 

70 

60 

i 

2 

6 

HI 

5 

6 

6 

1 

14 

16 

iri 

22 

31 

34 

36 

35 

33 

53 

57 

56 

TOTAL 

S215K 

S243K 

$197K 

S214K 

SI93K 

S202K 

S222K 

S244K 

$224 K 


Table 4-16. ATL Summary Personnel Costs 


Option 

A-l 

A-3 

B-l 

B-3 

B-4 

B-5 

C-t 

C-3 

C-4 

Level IV 

$I28K 


S128K 

S136K 




$143K 

S138K 

KSC Opi 
Support 

63 

63 

63 

63 


53 



53 

Host Ctr 

3 

6 

9 

10 

10 


15 


18 

TDY 

31 

41 

39 

40 

49 

50 



Bl 

TOTAL 

$225 K 

$265K 

$239K 

$249K 

$251K 

$262K 
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TEMPORARY RELOCATION REQUIREMENTS (TDY) 

Travel and subsisfance costs for personnel to support Level IV integration activities 
at remote site and to support STS operations at K5C are a significant factor. Average 
costs for TDY are about $75 per day. Tables 4-17 thru 4-20 summarize the TDY require- 
ments for the applicable options for the four payloads. All Level IV integration personnel 
were assumed to be on TDY in the KSC options. CVie-half of the personnel required for 
Level IV integration activities at a lead center are assumed to be on TDY. If multiple 
experiments were integrated at a distributed site, it was assumed the most complex/maxi- 
mum support experiment was sponsored by the distributed site. The personnel associated 
with the other experiments at a distributed site were assumed to be on TDY status. 

TRANSPORTATION REQUIREMENTS 

The costs of shipment of Spacelab flight and GSE hardv/are to/from Level IV inte- 
gration sites other than at KSC were predicated upon the total number of end items and 
the width of the shipment. Shipments requiring an outsized carrier - greater than 8 feet 
in width - required five working days and cost $4000. Standard shipments of 8 foot in 
width were assumed to require two days and cost $3000. 

Shipments within the KSC complex were assumed to require one day and cost $1000. 

No costs were included for shipment of experiment equipments. It was assumed that 
these costs would be independent of the processing option because the site of manufacture/ 
assembly of the experiment equipment could be at a vendor, contractor, laboratory, uni- 
versity, etc., and thus, shipment to the integration site would be required in all options. 

In the development of transportation costs partial shipments of equipment were avoided. 
If a complement of end items was estimated to require a complete truck-load, then a ship- 
ment was assumed. But piece-meal shipment of end items as a function of specific need 
times was not considered (see the subsequent GSE Requirements section). 

Tables 4-21 thru 4-24 summarize the transportation/shipment requirements and costs 
for each payload and their applicable processing options. Distributed site options are the 
most costly because of the duplication of out-sized carrier shipments. Lead center option 
costs reflect the feasibility of multiple out-sized elements contained in one shipment. As 
expected KSC shipment costs are minimal. 

GSE REQUIREMENTS 

The GSE end items required for Level IV integration with each of the processing op- 
tions were identified in Section 3. The duration of use and prorated costs of these end 
items is presented in this section. 
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Combined Astronomy TDY Costs 


Table 4-17. Space Processing 
TDY Costs 
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Table 4-19. Life Sciences TDY Costs 


Table 4-19. Life Sciences TDY Costs (Cont'd) 
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Table 4-20. ATL TOY Costs 
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Table 4-21 . 


Space Processing Transportation Requirements 


Pay toad 

Processing 

Tran sportot ion Equipment 

Unit Cost 

Total Cast 

Option 

CTo/From Level IV) 

m 

<JK) 

Spoce 

A -2 

2 Wide loads 

4.0 

8.0 

Processing 


1 Standard Loads (Vans) 

3.0 

3.0 



2 Port io l Std Loads (Vans) 

2.0 

4.0 „ 





15.0 

- 

B-2 

2 Wide loads 

4.0 

8.0 



1 Standard Loads (Vans) 

3.0 

3.0 



2 Partial Std Loads (Vans) 

2.0 

_4.0 





15.0 



2 Wide Loads 

4.0 

8.0 



1 St<*idcrd loads (Vans) 

3.0 

3.0 



2 Partial Std loads (Vcm) 

2.0 






15.0 


C-2 

i 2 W,d e Loads (KSC) 

1.0 

2.0 



1 Standard Loads (Vans) (KSC) 

1.0 

1.0 



2 Partial Std Laods (Vcns) (KSC) 

.5 

1.0 





4.0 







C-4 

2 W lt Je Loads (KSC) 

1.0 

2.0 



1 Stcndord loads (Vcm) (KSC) 

1.0 

1.0 



2 Partial Std Loads (Vans) (KSC) 

.5 

1.0 



1 


4,0 
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Table 4-22. Combined Astronomy 

Transportation Requirements 


Payload 


Combined 

Astronomy 



A-l 

6 Wide Loods 
6 Standard Loods (Vans) 

A-2 

6 Wide Loods 
A Stcndord Loods (Vans) 

2 Portia! Wide Loods (KSC) 

1 Partiol Std loods (Vent) (KSC) 

B-l 

4 Wide Loods 
2 Standard Loads (Vans) 

B-2 

4 Wide Loods 
2 Stcndord Loods (Vans) 

B-4 

4 Wide Loods 
2 Standard Loods (Vans) 

C-l 

4 Partial Wide Loads (KSC) 

2 Partial Std Loods (Vcns) (KSC) 

H 

4 Portial W,de Loods (KSC) 

2 Partial Std Loods (Vcns) (KSC) 

C-4 

4 Partial Wide Loods (KSC) 

2 Partial Std Loods (Vans) (KSC) 




Table 4-23* Life Sciences 

Transportation Requirements 



4 Wide Loads 
16 Standard Loads (Vans) 
2 Partial Std Loods (Vans) 


A Wide Loads 
16 Stcndord Leeds (Vans) 

2 Partial 5td Loads (Vans) 


2 Wide Loads 
2 Stcndord Loads (Vans) 




5*5 i n.o 

3.0 


B-4 

2 Wide Loods 
2 Standard Loods (Vans) 

B-5 

2 Wide Loods 
2 Stcndord Loods (Vcns) 

C-l 

1 Wide Load (KSC) 

C-3 

1 Wide Load (KSC) 

C-4 

1 Wide Load (KSC) 


Table 4-24. ATL Transportation Requirements 


_ . _ Processing 

Foylccd Opfc 

Transportation Equipment 
(To/Prom Level IV) 

Unit Cost 
(5K) 

i ota 1 Lost 

(SK) 

ATL A-l 

4 Wide Loods 

4,0 

16.0 


6 Standard Loods (Vms) 

3.0 

18.0 




34.0 

A-3 

4 Wide Loods 

4.0 

16.0 


6 Standard Loads (Vcns) 

3.0 

18.0 




34.0 

B-l 

2 Wide Loads 

4.0 

8.0 


2 Standard Loads (Vans) 

3.0 

6.0 




14.0 

B-3 

2 Wide Loods 

4.0 

8.0 


2 Stondard Loads (Vans) 

3.0 

6.0 




14.0 

B-4 

2 Wide loods 

4,0 

8.0 


2 Stcndord Loads (Vcns) 

3.0 

6.0 




14.0 

B-5 

2 Wide Loads 

4.0 

8.0 


2 Standard Loads (Vans) 

3.o ; 

6.0 




14.0 

C-l 

2 Wide Loods (KSC) 

1.0 

2.0 


2 Standard Loads (Vcns) (KSC) 

.5 

1.0 




3.0 

C-3 

2 Wide Loads (KSC) 

1.0 

2.0 


2 Standard Loads (Vcns) (KSC) 

.5 

1,0 




3.0 

* 





2 Wide Loods (KSC) 1 

1.0 

2.0 


2 Standard Loads (Vcns) (KSC) 

.5 

1.0 




3.0 
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End Item Usage 


The ground processing task waterfalls were the basis for the establishment of the re- 
quired period of time for GSE end items. Usage or involvement times of each end item of 
GSE encompassed pre-flight staging through delivery of the payload for STS operations (in 
the O&C building) and post-flight deintegration (removal of experiment equipment from 
Spacelab mounting elements). GSE requirements during STS operations were not included 
in this study. 

The determination of GSE involvement times is illustrated in Figure 4-1. 

The actual utilization of each end item of GSE required during the various Level IV 
ground processing activities is illustrated by the heavy black bars at the left of the figure. 
The duration of that particular usage is indicated by the length of the bar and also con- 
tained in the parenthesis at the end of each usage. The triangles shown on each GSE end 
item are the shipment times, both to and from KSC. These shipment times do not correlate 
exactly to the end of the usage of a piece of equipment. They have been grouped into 
logical units that represent a full (standard v.an) load that would be transported to KSC 
for future assignment to another Level IV integration activity. The figures containing the 
involvement times for each item of GSE in all processing options are contained in Appendix 

E. 

The GSE requirements of each processing option were evaluated based on the following: 

. a. Operational processing time for each installation, checkout, shipment, 
assembly, and disassembly operation. 

b. Actual GSE utilization time for each operation. 

c. Total GSE involvement time from first Level IV usage or transport of the 
GSE item to the transport of the GSE item to the next user. 

d. Quantity of each GSE item and unit cost. 

e. Prorated cost per flight. 


GSE Requirements Estimates 

A summary of the GSE Utilization/involvement Time charts which identified the GSE 
prorated cost per flights are shown in Table 4-25 for the Space Processing payload. Table 
4-26 covers the Combined Astronomy payload GSE requirements. Table 4-27 covers the 
Life Science payload GSE requirements, and Table 4-28 covers the ATL payload GSE re- 
quirements. 
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612113A 

4 

1.0 

26 

41.6 

TRANSPORTATION INSTRUMENTATION 

614XXX 

1 

20.0 

21 

160.0 

FREON SERVICER 

612084 

1 

25.0 

15 

150,0 

FREON LEAK DETECTOR 

612006 

1 

1.0 

15 

6.0 

FEED THROUGH PROTECTIVE COVER KITS 

6120C6A 

1 

3.0 

21 

25.2 

PALLET SEGMENT FLOOR COVERS 

612010A 

1 

3,5 

21 

29.4 

PALLET SEGMENT SUPPORT 

6120138 

1 

47.0 

26 

488,0 

DESICCANT CANISTER, LARGE 

612067A 

1 

11.5 

21 

96,6 

ROAD TIEDOWN KIT, U.S. 

6121C6A 

1 

10.5 

21 

88,2 

GROUNDING/BONDING TESTER 

613039 

1 

31.0 

15 

* 106.0 

CABLE SETS 4 ADAPTERS 

613XXX 

1 

1.5 

15 

- 

CLEANING KIT 

6121 UA 

1 

11.5 

21 

96.6 

DESICCANT DRYING OVEN 

614022 

1 

27.5 

15 

165. 

ACTIVE ENVIRONMENTAL CONTROL CART 

61 2071 A 

1 

33.2 

14 

185,9 


figure 4-1 0 Determination of GSE Involvement Times 
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Table 4-2 5, Space Processing GSE Requirements (Sheet 1 of 2) 

* Lead 

location Center Option B-4 



Equipment Name 


K3BK SiSSmSBm . 

Prorated 

Cost/FltfSI 

Feedthru Covers 

612008 

3,210 

41 

53 

Pallet Seg. Floor Covers 

612010 

3,440 

38 

52 

Pallet Seg* Support 

612013 

46,950 

41 

770 

Pallet Cover 

612059 

12,610 

32 

161 

Pallet Platform 

612060 

24,050 

41 

394 

LG Desiccant Canister 

612067 

11,450 

32 

440 

Road Tiedown Kit 

612106 

10,700 

32 

137 

Horizontal Sling 

612110 

53,500 

29 

621 

Trunnion Handling Fittings 

612113 

■ 1,000 

41 

70 

Transport instrumentation 


20,000 

32 

256 

Ground/Bond Tester 

613039 

30,920 

29 

136 

Cable Set and Adapters 


1,180 

17 

- 

Portable Leak Detector 

612080 

2,290 

12 

- 

’Freon Servicer 

612084 

25,190 

12 

121 

Freon Leak Cetector 

612086 

1,144 

12 

5 

Refrig Unit 

612115 

)8I,3?0 

12 

871 

Cleaning Kit 

6121 1^ 

11,450 

31 

142 

Desiccant Oven 

oM 022 

27,480 

6 

66 

Operator's Console 


80,000 

29 

928 

PS5 Panel Rack 


1,000 

29 

12 

Active ECS Cart 

612071 

33,210 

32 

425 

5660 



Table 4-25* Space Processing GSE Requirements (Sheet 2 of 2) 

Lead 

Locarion Center Option C-4 


Quantity 



Equipment Name 

HSMBuSSueSO 

Prorated 

Cost/FWSI 

Feedthru Covers 

612008 

3,210 

33 

42 

Pallet Seg* Floor Covers 

612010 

3,440 

33 

45 

Pallet Seg* Support 

412013 

46,950 

33 

620 

Pallet Cover 

612059 . 

12,610 

24 

121 

Pallet Platform 

612060 

24,050 

33 

3-17 

LG Desiccant Canister 

612067 

11,450 

24 

330 

Rood Tiedown Kit 

612106 

10,700 

24 

17 

Horizontal Sling 

612110 

53,500 

26 

556 

Trunnion Handling Fittings 

612113 

1,000 

26 

45 

Transport Instrumentation 


20, 000 

24 

192 

Ground/8ond Tester 

613039 

30,920 

7 

87 

Cable Set and Adapters 


1,180 

13 

- 

Portable Leak Detector 

612080 

2,290 

2 

- 

Freon Servicer 

612084 j 

25,190 | 

8 

81 

Freon Leak Detector 

612086 

1,144 

2 

1 

Refrig Unit 

612115 

181,370! 

8 

580 

Cleaning Kit 

6121U 

11,450 

25 

115 

Desiccant Oven 

614022 

27,480 

22 

'242 

Operator's Console 


80,000 

14 

448 

PS S Panel Rack 


1,000 

14 

6 

Active ECS Carr 

612071 

33,210 

24 

319 
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Table 4-26, Combined Astronomy GSE Requirements (Sheet 2 of 3) 


GSE REQUIREMENTS-CCMBINED ASTRONOMY 
Quantity Equipment Name 


0 Vertical Sling Kit 612C06 

2 I Feed Thru Protective Covers 612008 

3 al let Segment Floor Covers 612010 

Pallet Segment Support-Single 612013 

Pallet Segment Support -Double 612013 

3 Pallet Cover 612059 

1 Pallet Platform-Single Pallet 612060 

1 Pallet Platform -Double Pallet 612060 

0 Rack, PS5 Panel 612XXX 

3 Desfcccnt Canister-Large 612067 

1 Acrive Environmental Control Cart 612071 

3 Read Transport Tie Dawn Kit 6121C6 

1 Horizcnral Sling Kit 612110 

B Trunnion Hand! mg rittfnes 612113 

1 Transportation Insrrumentaf ia-i 614XXX 

1 Optical Alignment Krt 612040 

1 IPS Test and Checkout Kit 6 i 2208 

0 Continuity Tester 613038 


Ground/3onding Tester 613039 


0 Portable Leak Detector o 12080 


Freon Servicer 612084 

Caole Sets and Adapters . 6I3XXX 

Freon Leak Detector 612086 

Operator's Console 012XXX 

Refrigeration Unit 612115 


0 GN-2 Service Cart 612XXX 


Vacuum Pumping Unit 612XXX 

Cleaning Kit 612XXX 

Desrcccnr Drying Oven 614022 



Rockwell International 

Space Division 






















T&ble 4-26. Combined Astronomy GSE Requirements (Sheet 3 of 8) 
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GSE REQUIREMENTS-COMBINED ASTRONOMY Location Site *3 Option A-1 


Quantity 

Equipment Name 

warn 

Invlvm't 

Time(Davs‘? 

Prorated 
Cast F1t6'i 

0 

Vertical Sling Kit 

612006 

10,5 

_ 



1 

Feed Thru Protective Covers 

612008 

3.0 

18 


22 

1 

Pallet Segment Floor Covers 

O12010 

3.5 

22 


31 

1 

Pallet Segment Supoort -Single 

612013 

47.0 

23 

432 

0 

Pallet Segment Support -Double 

612013 

94.0 

- 

- 

1 

Pallet Cover 

612059 

12.5 

18 

90 

1 

Pallet Platform-Single Pallet 

612060 

24.0 

22 

211 

0 

Pallet Platform -Double Pallet 

612060 

48.0 

- 

- 

0 

Rack, PSS Panel 

612XXX 

9.0 

- 

- 

1 

Desiccant Canister -Large 

612067 

11.5 

18 

83 

\ 

Active Environmentol Control Cart 

612071 

33.0 

18 

239 

\ 

Rood Transport Tie ‘Down Kit 

612106 

10.5 

13 

76 

i 

Horizontal Sling Kir 

612110 

53.5 

19 

407 

4 

Trunnion handling Fittings 

6121 13 

1.0 

22 

35 

1 ' 

Trcnsoorratfon hsrrumentaf fan 

oUXXX 

20.0 

18 

144 

1 

Optical Alfcnmenr Kit 

6120*0 

6.0 

12 

29 

0 

IPS Test end Checkout Kit 

612208 

120.0 

- 

- 

0 

Continuity Tester 

613038 

90.0 

- 

- 

1 

Grou*id/3onding Tester 

613039 

31.0 

12 

149 

0 

Portable Leak Detecto r 

612080 

2.5 

- 

- 

1 

Frecn Servicer 

612084 j 

. 25.0 

12 

120 

1 

Cable Sets end Accorers 

613XXX ! 

1.5 

12 

7 

1 

Frecn Leak Detector 

612086 

1.0 

12 

5 

. 0 

Operator's Console 

612XXX ; 

80.0 

- 

- 

1 

Refrigeration Unit 

612115 

101.1 

12 

485 

0 

GN-2 Service Cart 

612XXX 

50.0 

- 

- 

0 

Vacuum Pumomg Unit 

612XXX 

25.0 

- 

- 

1 

Cleaning Kit 

612XXX 

11.5 

17 

78 

1 

Desiccant Drying Oven 

614022 

27.5 

12 

132 
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Table 4-26, Combined Astronomy GSE Requirements (Sheet 4 of B) 


GSE REQUIREMENTS-COMBINED ASTRONOMY location Site *1 Option A-2 


Qucntity 

Equ foment Name 

■Kiri 


Prorated 

Ccst'FltS) 

0 

Vertical Sling Kit 

612006 

10.5 

_ 

- 

1 

Feed Thru Protective Covers 

6120C8 

' 3.0 

21 

25 

1 

pallet Segment Floor Covers 

612010 

3.5 

21 

29 

1 

Pallet Segment Support-Single 

612013 

47,0 

26 

489. 

0 

Pallet Segment Support -Double 

61*2013 

94.0 

- 

- 

l 

Pal let Cover 

612059 

12.5 

14 

70 

1 

Pallet Platform-Single Poller 

612060 

24.0 

26 

. 250 - 

0 

Pallet Platform-Double Pallet 

612060 

48.0 

- 

- 

0 

Rock, PSS Panel 

6I2XXX 

9.0 

- 

** 

1 

Desiccant Canister-Large 

612067 

11.5 

21 

97 

1 

Active Environmental Control Cart 

612071 

33.0 

14 

186 

l 

Road Trcnsoort Tie Down Kit 

612106 

to.s 

21 

88 

1 

Horizontal Sling Kit 

0 1 21 10 

53.5 

22 

471 

4 

Trunnion Handling rirtincs 

612113 

1.0 

26 

42 

1 

Trcnsportarion Insfrumenrctim 

6UXXX 

20.0 

21 

168 

1 

Optical Alignment Kit 

612040 

6.0 

15 

36 

0 

IPS Test and Checkout Kit 

612208 

120.0 

- 

- 

0 

Continuity Tester 

613038 

90.5 

- 

- 

1 

Grcund/3onding Tester 

613039 

31.0 

15 

186 

0 

Portable Leek Detector 

612080 

2,5 

- 

- 

1 

Freon Servicer 

612084 

25.0 

15 

150 

0 

Cable Sets and Accoters 

613XXX 

1.5 

- 

- 

i 

Frecn Leak Detector 

6I2C36 

1.0 

15 

6 

1 

Operator's Console 

612XXX 

80,0 

15 

- 

1 

Refrigeration Unit 

612115 

101.1 

15 

606 

1 

GN-2 Service Cart 

6I2XXX 

50.0 

22 

440 

1 

Vccjum Pumping Unit 

612XXX 

'25.0 

15 

250 

1 

Cleaning Kit 

612XXX 

11.5 

21 

97 

1 

Desiccant Drying Oven 

614022 

27.5 

15 

165 
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Table 4-26, Combined Astronomy GSE Requirements (Sheet 5 of 8) 


Table 4-26. Combined Astronomy GSE Requirements (Sheet 6 of 8) 


GSE REQUIRE MENTS-CCMBINED ASTRONOMY Location Site J 20ption A-2 


Quantify 

Equipment Name 


Unit Cos 
($) K 

Invlvm't 

Time(Dcvs) 

Prorated 
Cost 'F*tSl 

0 

Vertical Sling Kit 

612006 

10.5 

_ 


2 

Feed Thru Protective Covers 

612008 

3.0 

25 

60 

3 

Pallet Segment Floor Covers 

612010 

3.5 

27 

113 

3 

Pallet Segment Supoort-Single 

612013 

47.0 

30 

1692 

0 

Pallet Segment Support -Double 

612013 

94.0 

- 

- 

3 

Pallet Cover 

61205? 

12.5 

25 

375 

1 

Pallet Platfcrm-Single 3 d!et 

612060 

24.0 

30 

288 

1 

Pallet Platform -Double Pallet 

612060 

48.0 

30 

576 

0 

Rack, 2 $5 Panel 

612XXX 

9.0 

- 

- 

3 

Desiccant Canister-Large 

612067 

11.5 

25 

345 

I 

Active environmental Control Cert 

612071 

33.0 

25 

330 

3 

Roac Transport Tie Down Kit 

6121C6 

10.5 

25 

315 

1 

Horizontal Sling Kit 

612110 

53.5 

27 

578 

8 

Trunnion Handling Fittings 

612)13 

4.0 

30 

348 

1 

Transportation Instrumenraf tan 

6UXXX 

20.0 

25 

200 

1 

Optical Alignment Kit 

ol 2040 

6.0, 

24 

58 

1 

IPS Test end Checkout Kit 

612203 

120.0 

25 

1200 

0 

Contrnurty Tester 

613038 

90.5 

- 

- 

1 

Ground/ Bonding Tester 

613039 

31.0 

25 

310 

0 

Portable Leek Detector 

612080 

2.5 

- 

- 

1 

Freon Servicer 

612C84 

25.0 

19 

190 

1 

Cable Sets end Adcaters 

613XXX 

1.5 

19 

n 

1 

Freon Leek Detector 

o12C86 

1.0 

19 

8 

1 

Operator's Console 

612XXX 

80.0 

25 

800 

1 

Refrigeration Unit 

6121 15 

101.1 

19 

767 

0 

GN-2 Service Cart 

612XXX 

50.0 

- 

- 

1 

Vacuum Pumping Unit 

612XXX 

25.0 

19 

190 

1 

Ciecning Kit 

612XXX 

11.5 

19 

37 

1 

Oesicccnt Drying Oven 

614022 

27.5 

19 

87 

9964 


GSE REQUIREMENTS-COMBINEO ASTRONOMY Location Site. *3 Option A-2 


Quantity 

Equipment Name 

Unit Cos: 
(SI K 

Invlvm't 

Trme(Dcvs) 

Prorated 
Cost 'FltS) 

0 

Vertical SI ing Kit 

612006 

10.5 

«. i 


1 

Feed Thru Protective Cavers 

612008 

3.0 

17 

20 

1 

Pallet Segment Floor Covers 

612010 

3.5 

22 

31 

1 

Pallet Segment Support-Single 

612013 

47.0 

22 

414 

0 

Pallet Segment Support -Double 

612013 

- 

- 

- 

1 

Pal let Caver 

612059 

12.5 

17 

85 

l 

Pallet Platform-Single Pallet 

612060 

24,0 

22 

211 

0 

Pallet Platform-Double Pallet 

612060 

48,0 

- 

- 

0 

Rack, PSS Pcnel 

6I2XXX 

9.0 

- 

- 

1 

Desiccant Ccn ister-Large 

612067 

11.5 

17 

78 

1 

Active Environmental Centro! Cert 

ol 2071 

33.0 

20 

266 

1 

Roaa Transport Tie Down Kit 

6121C6 

10.5 

17 

71 

1 

Horizontal Sling Kit 

612110 

53.5 

22 

471 

4 

Trunnion Handling Fittings 

612113 

1.0 

22 

35 

1 

Transportation Instrumentation 

6UXXX 

20.0 

20 

160 

1 

Optical Alignment Kit 

612040 

6,0 

11 

26 

0 

IPS Test end Checkout Kit 

612208 

120.0 

- 

- 

0 

Continuity Tester 

613038 

90.5 

- 

- 

1 

Ground/Bonding Tester 

6)3039 

31.0 

11 

136 

0 

Portable Leek Derector 

6! 2080 

2.5 

- 

- ; 

1 

Frecn Servicer 

612084 

25.0 

11 

H0 

1 

Cable Sets end Adapters 

613XXX 

1.5 

11 

7 

1 

Freon Leak Detector 

612086 

1.0 

11 

4 

1 

Operator's Console 

612XXX 

80.0 

il7 

544 

l 

Refrigeration Unit 

612115 

101.1 

It 

>]/H 

0 

GN-2 Service Cart 

612XXX 

50.0 

- 

- 

0 

Vacuum Pumping Unit 

612XXX 

25.0 

r 

- 

1 

Cleaning Kit 

612XXX 

11.5 

11 

136 

1 

Oesicccnt Drying Oven 

614022 

27.5 

>11 

51 
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Tdble 4-26. Combined Astronomy GSE Requirements (Sheet 7 of 8) 


GSE REQUIRE MENTS-COMBINED ASTRONOMY Location Center Option B-4 


Quantity 

Eau foment Name 


mm 

Invlvm’t 

Timei'Dcvsl 

Prorated 

Cosr'HtSI 

0 

Vertical Sling Kit 

61 2006 

10.5 

_ 

_ 

4 

Feed Thru Protective Covers 

612008 

3.0 

28 

134 

5 

Pailer Segment Floor Covers 

612010 

3.5 

31 

217 

3 

Pallet Segment Suoport-Singie 

612013 

47.0 

31 

1748 

1 

Pallet Segment Support -Double 

612013 

94.0 

31 

1166 

5 

Pallet Cover 

612059 

12.5 

17 

425 

3 

Pellet Platform-Single Pallet 

a i 2C60 

24.0 

20 

576 

1 

Pallet Platform -Double Pallet 

612060 

48.0 

14 

269 

0 

Rack, PSS Panel 

612XXX 

9.0 

- 

- 

5 

Desiccant Can isrer-Lcrae 

612067 

11.5 

8 

184 

i 

Active Environmental Control Cart 

612071 

33.0 

8 

106 

4 

Roca Trcmocr* Tie Down Kit 

612106 

10.5 

8 

• 134 

2 

Hcrizsnral Sling Kit 

612110 

53.5 

31 

1326 

16 

Trunnion Handling Fittings 

612113 

1,0 

31 

198 

3 

Iran saor ret ren Instrumentcriai 

6UXXX i 

>20.0 

8 

• 192 

1 

Optical Alignment Kit 

61 2040 

6.0 

13 

31 

1 

IPS Test cad Checkout Kit 

61220S 

120.0 

16 

768 

0 

Continuity Tester 

Pi 3033 i 

90.5 

- 

- 

1 

Grouna/3onding Tester 

6I30C9 

31.0 

21 

260 

0 

Portable Leak Detector 

612CS0 

2.5 

- 

- 

1 

Freon San/ leer 

612084 

25.0 

18 

180 

0 

Cable Sets and Adapters 

6I3XXX 

1.5 

- 

- 

1 

Freon Leak Detector 

61203 6 

1.0 

IS 

72 

0 

Operator's Console 

612XXX 

80.0 

- 

- 

1 

Refrigeration Unit 

612115 

101. 1 

19 

768 

\ 

GN -2 Service Cert 

612XXX 

50.0 

20 

400 

1 

Vacuum Pumping Unit 

6I2XXX i 

25.0 

19 

190 

1 

Cleaning Kit 

612XXX 

11.5 

31 

143 

1 

Desiccant Drying Oven 

614022 

27.5 ; 

n 

121 

9608 


o tj-ioco 


Table 4-26, Combined Astronomy GSE Requirements (Sheet' 8 of 8) 


GSE REGUIREMENTS-COMBINED ASTRONOMY Location KSC Option C-4 


Quantity 

Equipment Name 

WiSim 

Invlvm’t 

TimefDavsl 

Prorated 
Cost ''Fit 6) 

0 

Vertical Sling Kit 

612C06 

10.5 

- 

_ 

4 

Feed Thru Protective Cavers 

512008 

3.0 

20 

120 

5 

Pallet Segment Floor Covers 

612010 

3.5 

23 

129 

3 

Pallet Segment Support-Single 

612013 

47.0 

23 

1297 

l 

Pallet Segment Support -Double 

612013 

94.0 

23 

865 

5 

Pallet Cover 

612059 

12.5 

5 

125 

3 

Pallet Plarform-Singfe Pallet 

612060 

24.0 

12 

346 

1 

Pallet Platform -.Double Poller 

612060 

48.0 

12 

230 

0 

Reck, PSS Panel 

612XXX 

9.0 

- 

- 

5 

Desiccant Can ister-Lorge 

6I2C67 

1 1.5 

5 

415 

1 

Active Environmental Control Cart 

612071 

33.0 

5 

66 

4 

Racd Trcmoort Tie Down Kit 

012106 

10.5 

5 

S4 

2 

Horizontal Sling Kit 

612110 

53.5 

23 

984 

16 

Trunnion Handling Fittings 

612113 

1.0 

23 

147 

3 

TransDortctJon Instrumentation 

6UXXX 

20.0 

5 

120 

i 

CoticaJ Aljcnment Kit 

612040 

6,0 

11 

26 

1 

IPS Test and Checkout Kit 

612208 

120.0 

12 

576 

0 

Continuity Tester 

613038 

90.5 

- 

- 

1 

Ground/3onding Tester 

613039 

31.0 

19 

236 

0 

Portable leak Detector 

612C80 

2.5 

- 

- 

1 

Freon Servicer 

612084 

25.0 

10 

100 

0 

Cabie Sets and Adapters 

613XXX 

1*5 

- 

- 

1 

Freon Leek Detector 

61 2086 

1.0 

10 

4 

0 

Operator’s Console 

612XXX 

30,0 

- 

- 

1 

Refrigeration Unit 

612115 

101,1 

17 

687 

1 

GN-2 Service Cart 

612XXX | 

50.0 

18 

360 

1 

Vacuum Pumping Unit 

612XXX 

25.0 

17 

170 

1 

Cleaning Kit 

612XXX 

11.5 

23 

106 

1 

Desicccnr Drying Oven 

614022 ! 

27,5 

7 

77 


Zi 
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Table 4-27. Life Sciences GSE Requirements (Sheet 1 of 16) 


GSE REQUIREMENTS -LIFE SCIENCES Lacctisn Site •*! Option A-l/A-3 


Quantity 

Equiomenr Name 

Unit Cost 
<SK) 

nvivm't 
fime (Days) 

Frorctea 

Cash'FlHS) 

1 

Trcnsoort Ooliy, Rack & Floor 

612C02A 

33.0 

24 

317 

1 

Vertical Slinc Kit, Rack & Floor 

612C06A 

10.5 

24 

101 

0 

Horizontal Sling Kit, Reck & Floor 

6121 iOA 

0 

- 

- 

\ 

Reck & Fioor ShioDtng Cover 

612C47A 

8.0 

18 

58 

\ 

Rack 6 Floor Tronsoorr ?l erf arm 

61 2048 A 

24.0 

24 

230 

1 

Rack & Floor Suaoort 3rocss Kit 

612049A 

2.5 

24 

24 

0 

Double Rock Hndlg C/C £ Tnspt Kt 

61205CA 

9.0 

- 

- 

0 

Single Reck Hndlg C.'O & Tnspt Kt 

6 12065 A 

9.0 

- 

- 

1 

Desiccant Canister, Med, ,Dbl Rack 612063A 

9.0 

19 

68 

0 

Desiccant Canister, Small, Sngi Rk 

612069A 

7.0 

- 

- 

0 

Active Environ. Central Cart 

6I2071A 

33.0 

- 

- 

1 

Road Tiedown Kit, U,S. 

6121C6A 

10.5 

18 

76 

0 

Cargo Lift Trailer, Rack & Floor 

5U013 

0 

- 

- 

0 

Adcorer Kit Cargo Lift Trailer 

614014 

0 

- 

- 

1 

Transportation Instrumentation 

6UXXX 

20.0 

19 

152 

1 

Operators Checkout Console 

612XXX 

80.0 

13 

416 


• CDMS Simulator 






• Ground Pwr Suopiy 'Racks) 





0 

Peripnerci ChecKOur Ecu! ament 

6I2XXX 

0 

- 



• Analog Taoe RecorGer Unit 






• Strip Chart, Reccraer 





0 

Ootical Alignment Kit 

612C40 

0 

- 

- 

1 

Continuity Tester, Electrical 

613033 

90.5 

13 

471 

1 

Ground ina/Scnaing Tester 

61C039 

31.0 I 

13 

161 

0 

Porracle Leek Detection Uhit 

612CSQA 

0 

- 

- 

0 

Freon Leak Detectcr^Rcck Rerric ' 

612XXX 

0 

- 

- 


Freezer 





0 

Vacuum Pumping Unit 

612XXX 

25.0 

- 

- 

1 

Rack Cooling Unit i.Suooorr C, C) 

612XXX 

50.5 

13 

263 

0 

Gas, Bottles, Supoly Unit 

612XXX 

50.0 

- 

- 

0 

GN-2 Service Set 

6I4XXX 

50.5 

- 

- 

1 

Cleaning Kit 

6121 14A 

11.5 

18 

83 

0 

Desicccnf Drying Kit 'Oven 

61 4022 

0 

- 

- 

l 

Human Physiological Simulator 

— 

0 



1 

Frog Simulator 

— 

0 



0 

Rat Simulator 

— 

0 

- 

- 

0 

Cculoarcphic Simulator 

— 

0 

- 

- 

0 

<Mass Spec Anclog Octa Simulator 

— 

0 

- 

- 

0 

Rat Temperature Output Simulator 

— 

0 

- 

- 

0 

Monkey Physiological Simulctor 

— 

0 

- 

Km 


Table 4-27. Life Sciences GSE Requirements (Sheet 2 of 16) 


GSc REQUIREMENTS-LIFE SCIENCES Location Site ^2 Option A-l/A-3 


Quantity 

Equipment Name 

Unit Cost 
<SK) 

Invlvm't 

Time(Days) 

Proratea 

Cost/FIfS) 

V 

Transport Dolly, Rack & Floor 

612C02A 

33.0 

12 

158 

1 

Vertical Sling Kit, Rack & Floor 

6I2C06A 

10.5 

12 

50 

0 

Horizontal Sling Kit, Rack & Floor 

6121 1CA 

0 

- 

- 

0 

Rock & Fioor Shipping Cover 

612047A 

8.0 

- 

- 

0 

Rack & Fioor Transport Platform 

6I2048A 

24.0 

- 

- 

0 

Rack & Floor Supoort Braces Kit 

612049A 

2.5 

- 

- 

1 

Double Rack Hndlg C/O & TnsDt Kt 6I2050A 

9.0 

18 

65 

0 

Single Rack Hndlg C/O & Tnsot Kt 

6 12065 A 

9.0 

- 

- 

1 

Desiccant Canister, Med.,DbI Rack 612C68A 

9.0 

13 

47 

0 

Desiccant Con isrer, Small, Sngl Rk 

612C69A 

7.0 

- 

- 

0 

Active Environ. Controi Cert 

6 12071 A 

33.0 

- 

- 

1 

Road Tiedown Kit, U. S, 

6I21C6A 

10.5 

13 

55 

0 

Cargo Lift Trailer, Rack & Floor 

o 140 13 

0 

- 

- 

0 

Adapter Kit Cargo Lift Trailer 

614014 

0 

- 

- 

1 

Transportation Instrumentcricn 

614XXX 

20.0 

13 

104 

1 

Operators Checkout Console 

612XXX 

80.0 

13 

416 


♦ CDMS Simulator 






• Ground Pwr Supofy (Rocks) 





0 

Peripheral Checkout Eguioment 

512XXX 

0 

- 

- 


* Analaa Tace Recorder Unit 






• Stno Chart, Recorder 





0 

Optical Aljcnment Kit 

612040 

0 


- 

1 

Continuity Tester, Electrical 

613038 

90.5 


471 

1 

Grounding/ Bending Tester 

613039 

31.0 ; 


161 

0 

Portable Leak Defect icn Unit 

6120SOA 

0 


- 

0 

Freon Leak DetectorfRcck Refrig/ 

612XXX 

0 


- 


Freezer 





1 

Vacuum Pumoing Unit 

612XXX 

25.0 

13 

130 

1 

Rack Coolina Unit (Suoport C. O) 

612XXX 

50.5 

13 

263 

1 

Gas, Battles, Supoly Unit 

6I2XXX 

50.0 

19 

380 

0 

GN-2 Service Set 

614XXX 

50.0 

r 

- 

1 

Cleaning Kit 

612114A 

11.5 

12 

55 

0 

Desiccant Drying Kit/Cven 

6M022 

0 

- 

- 

0 

Human Physiological Simulctor 

— 

0 

- 

- 

0 

C rcg Simulctor 

— 

0 

- 

- 

0 

Rot Simulator 

— 

0 

- 

- 

0 

Ocuiogrcphic Simulator 

— 

0 

- 

- 

0 

Mess Spec' Analog Data Simulator 

— 

0 

- 

- 

0 

Rat Temperature Output Simulator 

— 

0 

- 

- 

0 

Monkey Physiological Simulator 

— 

0 

- 

2355 
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Table 4-27* Life Sciences GSE Requirements (Sheet 4 of 16) 


Table 4-27. life Sciences GSE Requirements (Sheet 3 of 16) 


GSE REQU1REMENTS-L1FE SCIENCES Location Site *3 Option A- 1/A -3 



Equioment Nome 


is msm 

BSSESB 

KTJEZ9H 

Ewffl 

1 

Transport Dolly, Rack St Floor 

6 12002 A 

33.0 

10 

132 

1 

Vertical Sling Kit, Rack St Floor 

612C06A 

10.5 

10 

42 

0 

Horizontal Slmg Kit, Reck St Floor 

612HCA 

0 

_ 

- 

0 

Rack & Floor Shiooinc Cover 

612047A 

S.O 

- 

- 

0 

Reck St Floor Transoort Platform 

6 1 2048 A 

24.0 

_ 


0 

Rack & Floor Supoort 3rcces Kit 

6I2049A 

2.5 

_ 

- 

0 

Double Reck Hndlg C/O St TnsDt Kt 

612C50A 

9.0 

- 

- 

2 

Single Rack Hndlg C/O St Tnspt Kt 

6 12065 A 

9.0 

16 

116 

0 

Cesicccnt Canister, Med.,Dbl Rack 612C68A 

9.0 

- 

- 

2 

Desiccant Canister, Small, 5ngl Rk 

612C69A 

7.0 

11 

62 

0 

Active Environ. Central Ccrr 

612071A 

33*0 

- 

- 

1 

Raca Tiedown Kit, U.S. 

6 121 06 A 

10,5 

IT 

46 

0 

Cargo Lift Trciler, Rack St Floor 

6K013 

0 

- 


0 

Adopter Kit Cargo Lift Trailer 

614014 

0 

- 

- 

1 

Transportation Instrumentation 

oUXXX 

20.0 

11 

88 

1 

Operators Checkour Console 

612XXX 

80.0 

11 

352 


• CDMS Simulator 

• Ground ®wr Suoply fRacks) 





0 

Periohercl Checkout Eauioment 

6I2XXX 

0 

- 

- 


• Analog Tcoe Recorder Unit 

• Stria Chert, Recorder 





0 

Optical Alignment Kit 

612040 

0 

- 

- 

1 

Continuity Tesrer, Electrical 

61 3033 

90.5 

11 

398 

1 

Grounding/ 3ondina Tesrer 

613039 

31.0 

n 

136 

0 

Portable Leak Detection Unit 

612030A 

0 

- 

- 

0 

Freon Leak Detector^Rcck Refrig/ 

612XXX 

0 

- 

- 


Freezer 





0 

Vacuum Pumping Unit 

612XXX 

25.0 


- 

1 

Rack Cooling Unit l Support C '01 

612XXX 

50.5 

n 

222 

0 

Gas, 3oftles, Suooly Unit 

612XXX 

50.0 


- 

0 

GN -2 Service Set 

614XXX 

50.0 

- 

- 

1 

Cleaning Kit 

6121UA 

11.5 

10 

46 

0 

Desicccnr Drying Kit /Oven 

6M022 

0 

- 

- 

0 

Human Physiological Simulator 

— 

0 

- 

- 

0 

Frog Simulctor 

— 

0 

- 

- 

1 

Rat Simulator 


0 

- 

- 

0 

Ocuiograohic Simulator 

— 

0 

- 

- 

0 

Mass Spec Analog Data Simulator 

— 

0 

- 

- 

0 

Rat Temperature Output Simulator , 

— 

0 

- 

- 

0 

Monkey Physioiogicol Simulator 

— 

0 

- 

1640 


GSE REQUIREMENTS -LIFE SCIENCES Location Site *4 Option A-l/A-3 



Equipment Name 


Invlvm’t 

Tlmel'Days) 

Prorateo 

Cost/FItS) 

n 

Transport Dolly, Rack St Floor 

612C02A 

33.0 

10 

132 


Vertical Sling Kit, Rack 8c Floor 

612006A 

10.5 

10 

42 

IHi 

Horizontal Sling Kit, Rack St Floor 

612H0A 

0 

- 

_ 

0 

Rock St Floor Shipoing Caver 

612C47A 

8.0 

- 


0 

Reck St Floor Trcnsoorr Platform 

61 2048 A 

24.0 

- 

- 

0 

Rack & Floor Suooort Brcces Kit 

612C49A 

2.5 

- 


■■ 

Double Reck Hndlg C/O & Tnspt Kt 

612050A 

9.0 

16 

58 


Single Rack Hndlg C/O & Tnspt Kt 

6 12065 A 

9.0 

- 

- 


Desiccant Canister, Mea,,Dbl Rack 612063A 

9.0 

11 

40 

0 

Desiccant Canister, Email, Sngl Rk 

612069A 

7.0 

- 

- 

mm 

Active Environ. Control Cart 

612071A 

33,0 


_ 

mm 

Road Tiedown Kit, U.S. 

6121 06 A 

10.5 

11 

46 

mm 

Cargo Lift Trailer, Reck St Floor 

614C13 

0 

- 

_ 

SB 

Adapter Kit Cargo Lift Trailer 

6140U 

0 

_ 

_ 

1 

Transportation Instrumentation 

614XXX 

20.0 

11 

38 

1 

Operators Checkout Console 

612XXX 

80.0 

11 

352 


• CDMS Simulator 

• Ground Pwr Suoply (Recks) 





0 

Peripnercf Checkour Ecuioment 

612XXX 

0 

- 

- 


• Analog Tcoe Recorder Unit 

• Stria Chart, Recorder 





0 

Optical Alignment Kit 

612040 

0 

- 

- 

1 

Continuity Tester, electrical 

613038 

90.5 

11 

398 

t 

Grounding/Sending Tester 

613039 

31.0 

11 

136 

0 

Portable leak Detection Unit 

612080A 

0 

- 

_ 

0 

Freon Leak Detec^onRcck Refrig/ 

6t2XXX 

0 

- 

- 


Freezer 





mm 

Vacuum Pumping Unit 

6I2XXX 

25.0 

_ 



Rack Cooling Unit fSuopcrt C, O) 

612XXX 

50.5 

il 

222 

H 

Gas, Bottles, Supply Unit 

612XXX 

50.0 

- 

i 

mm 

GN-2 Service Set 

614XXX 

50.0 

11 

220 


Cleaning Kit 

612114A 

11.5 

10 

46 

BM 

Desiccant Drying Kit 'Oven 

614022 

0 

- 

- 

BBI 

Human Physiological Simulator 

— 

0 

- 

- 


Frog Simulator 



0 

- 

- 

0 

Rat Simulator 



0 

_ 

_ 

0 

Oculographic Simulator 

— 

0 

- 

_ 

0 

Mass Spec Analog Data Simulator 

— 

0 

- 

_ 

0 

Rot Temperature Output Simulator 

— 

0 

- 

- 

0 

Monkey Physiological Simulator 

— 

0 

- 

1780 


CD 

"T 

03 

a 

o 

n 

03 


ORIGINAL PAGB Is. WW Rockwell Ir 

OP POOR QUALITY Space Division 









SD 78-SR-0009-2 


Table 4-27. Life Sciences GSE Requirements (Sheet 5 of 16) 


I 

to 

o 


GSc REQUIREMENT3-L1FE SCIENCES 


Equioment Name 


1 Transoort Dolly, Rack & Floor 
1 Vertical Sling Kit, Rack & Floor 
0 Horizcmal Sling Kit, Back & Floor 
0 Rack & Floor Shiooing Cover 

0 Rack & Floor Transoort Platform 

0 Rack & Floor SupDort 3races Kit 

1 Double Rack Hndlg C/O & Tnspt Kt 

0 Single Reck Hndlg C/O & Tnspt Kt 

1 Desiccant Canister, Med*,Cbl Rack 

0 Desiccant Canister, Smail, Sngl Rk 

0 Active Environ. Control Cart 

1 Road Tiedown Kit, U.S. 

0 Cargo Lift Trailer, Reck & Floor 

0 Adapter Kit Cargo Lift Trailer 

1 Transportation Instrumentation 

1 Operators Checkout Console 

• CDMS Simulator 

• Ground Pwr Suoplv (Racks) 

0 Peripheral Checkout Eauipment 

• Analog Tooe Recorder Unit 

• Stria Chert, Recorder 

0 Optical Alignment Kit 

1 Continuity Tester, Electrical 

1 Grounding/ Bending Tester 

0 Portobie Leak Detect icn Unit 

0 Freon Leak Oetector^Rack Refrig/ 

Freezer 

1 Vacuum Pumping Unit 

l Rack Cooling Unit iSupoort C/C) 

0 Gas, Bottles, Supply Unit 

0 GN-2 Service Set 

1 Cleaning Kit 

0 Desicconr Drying Kir/Oven 

0 Human Physiological Simulator 

0 Frog Simulator 

0 Rat Simulator 

0 Oculographic Simulator 

0 Mass Spec Analog Data Simulator 

0 Rat Temperature Output Simulator 

0 Monkey Physiological Simulator 


Location Site d 5 Option A-l/A-3 


Unit Cost 
iSK) 


6I2002A 

6120C6A 

6 1 2 1 1 0 A 

612047A 

612048A 

612049A 

6 12050 A 

6 12065 A 

6 1 206 3 A 

6I2C69A 

6 l 2071 A 

6121C6A 

61401C 

6140U 

6UXXX 

612XXX 


612XXX 


612040 
6 1 30C3 
613039 
6120SCA 
612XXX 

612XXX 

612XXX 

612XXX 

614XXX 

612H4A 

614022 



Rockwell International 

Space Division 
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Table 4-27. 


Life Sciences GSE Requirements (Sheet 7 of 16) 


GSE R5QUIREMEN7S-LIFE SCIENCES location Site **7 Ootion A-l/A-3 


Quantity 

Equipment Name 


Unit Cost 
(SK) 

fnvivm't 
T ime(Davs) 

Prora tea 
Cost/Fit 6) 

1 

Trcnsoort Dolly, Rack & Floor 

6I2C02A 

33.0 

12 

158 

1 

Vertical Sling Kit, Rack 3. Floor 

612006A 

10.5 

n 

50 

0 

Horizontal Sling Kit, Reck 3* Floor 

6 1 2 1 1 C A 

0 

- 

- 

0 

Rack & Floor Shipping Cover 

612C47A 

3.0 

- 

- 

0 

Rack 3i Floor Transport Piarform 

6! 2048 A 

24.0 

- 

- 

0 

Rack & Floor Supoort Braces Kit 

612049A 

2.5 

- 

- 

1 

Double Rack Hndig C/C St Tnspt Kt 

61205GA 

9.0 

18 

65 

0 

Single Reck Hndig C/O & Tnspt Kt 

612065 A 

9.0 

- 

- 

1 

Oesicccnt Canister, Med. , Dbl Rack 612068A 

9.0 

13 

47 

0 

Desicocnt Canister, Small, Sngl Rk 

612069A 

7.0 

- 

- 

0 

Active Environ. Control Cart 

61 2071 A 

33.0 

- 

- 

1 

Road Tiedown Kit, U.S, 

6I2106A 

10.5 

13, 

55 

0 

Cargo Lift Trailer, »Rcck 3t Floor 

614013 

0 

- , 

- 

0 

Adopter Kir Cargo Lift Trailer 

614014 

0 

- 

- 

1 

Transporter ion Instrumentation 

61AXXX 

20.0 

13 

104 

1 

Operators Checxour Console 

• CDMS Simulator 

• Ground Pwr Suopiy (Racks) 

6I2XXX 

80.0 

13 

416 

0 

Peripheral Checkout Equioment 

• Analog Tape Recorcer Unit 

• Strip Chart, Recoraer 

612XXX 

r 

</ 



0 

Coticai Alignment Kir 

ol2C40 

0 

- 

- 

1 

Continuity Tester, Electrical 

613038 

90.5 

13 

471 

1 

Grounding, Bonding Tester 

613039 

31.0 

13 

161 

0 

Portable Leak Detection Unit 

612C80A 

0 

- 

- 

0 

Freon Leak Detector (Rack Refrig/ 
Freezer 

o!2XXX 

0 



0 

Vacuum Pumping Unit 

©12XXX 

25.0 

- 

- 

1 

Rack Cooling Unit (Suoport C/O) 

612XXX 

50.5 

13 

263 

1 

Gas, 3ottles, Supoly Unit 

6I2XXX 

50.0 

12 

240 

1 

GiM-2 Service Set 

614XXX 

50.0 

13 

260 

1 

Cleaning Kit 

6121 UA 

11,5 

12 

55 

0 

Desicccnt Drying Kit Oven 

6U022 

0 

- 

- 

0 

Human Physiologiccl Simulator 

— 

0 

- 

- 

0 

Frog Simulator 

— 

0 

- 

- 

0 

Rat Simulator 

— 

0 

- 

- 

0 

Oculccrcphic Simulator 

— 

0 

- 

- 

1 

Mass Spec Analog Data Simulator 

— 

0 

- 

- 

1 

Rat Temperature Output Simulator 

— 

0 

- 

- 

0 

Monkey Physiological Simulator 

s 

0 

- 

5343 


Table 4-27. Life Sciences GSE Requirements (Sheet 8 of 16) 


GSE REQUIREMENT 5 -LIFE SCIENCES 


Equioment Nome 


Location Site ^8 Option A-l/A-3 

Unit Cost lnvlvm l t Prorated 

(SK) Time(pQys) Cost/Fltfi) 



Trcnsoort Dolly, Rack 3^ Floor 
Vertical Sling Kit, Rack & Floor 
Horizontal Sling Kit, Rack & Floor 
Reck & Floor Shipping Cover 
Reck & Floor Transport s latform 
Rack & Floor Suoport 3races Kit 
Double Rack Hndig C/O 3» Tnspt Kt 
Single Rack Hndig C/O 5* Tnspt Kt 
Desiccant Canister, Med.,Dbl Rack 
Desiccant Canister, Small, Sngl Rk 
Active environ. Control Cart 
Road Tiedown Kit, U.S. 

Cargo Lift Trailer, Rack & Floor 
Accpter Kit Cargo Lift Trailer 
Transportation Instrumentation 
Opercrors Checkout Console 

• CDMS Simulator 

• Ground ?W Supoly (Racks) 
Perioherai Checkout Equioment 

• Analog Tcoe Recorder Unit 

• Srrio Chart, Recorder 
Optical Alignment Kit 
Continuity Tester, Electrical 
Grounding/ Sanding Tester 
Portable Leak Detection Unit 
Freon leaK Oefector(Rack Refrig/ 

Freezer 

Vacuum Pumping Unit 
Rack Cooling Unit (Support C, O) 
Gas, Bottles, Supoly Unit 
GN-2 Service Set 
Cleaning Kit 

Desiccant Crying Kif^Cven 
Human Physiologiccl Simulator 
Frog Simulator 
Rat Simulator 
Oculcgraonic Simulator 
Mass Spec Analog Data Simulator 
Rat Temperature Output Simulator 
Monkey Physiological Simulator 


6120Q2A 

6120C6A 

6 i 2 1 1 0 A 

612C47A 

6120 ASA 

612C49A 

61205GA 

61 2065 A 

6 12068 A 

612069A 

6 i 2071 A 

6121C6A 

614013 

6U014 

6I4XXX 

612XXX 


612040 

613C33 

613C39 

612080A 

6I2XXX 

612XXX 
612XXX 
612XXX 
614XXX 
6121 14A 
61 4022 - 


p © 

( *f & 

8 § 

§ £> 


(/> 30 

» 2 
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Table 4-27. Life Sciences GSE Requirements (Sheet 10 of 16) 


Table 4-27. Life Sciences GSE Requirements (Sheet 9 of 16) 


Mini- 

GSE REQUIREMENTS -LIFE SCIENCES Location Center Option A-3 Delta * 



Equipment Name 

| 


WBSSMii 

ESSEMl 

1 

Transport Dolly , Rack &. Floor 

612002A 

33.0 

7 

92 

0 

Vertical Sling Kit, Reck & Floor 

612006A 

10.5 

H m IH 

- 

0 

Horizontal Sling Kit, Rack 3« Floor 

61211 CA 

0 


- 

1 

Rack & Floor Shipoing Cover 

6I2047A 

8.0 


3 

1 

Rack & Floor Trcnsoort Platform 

o ! 20^3 A 

24.0 


10 

1 

Rack Floor Suooort 3race$ Kit 

612C49A 

2.5 

H 

7 


Double Rack Hndlg C, C 3* Tnspt Kt 

6120S0A 

9.0 

■ 

~ 


Slnale Rack Hndlg C 0 & Inset Kt 

6 12065 A 

9.0 


* 


Desiccant Canister, Med,, Dbl Rack 612063A 

9.0 

7 

151 


Desiccant Canister, Small, Sngl Rk 

61 206 9 A 

7.0 

7 

78 

1 

Active Environ. Control Cart 

6 12071 A 

33.0 

7 

92 

1 

Road Tiedown Kir, U. S, 

6121C6A 

10.5 

1 

4 

0 

Cargo Lift Trailer, Rack & Floor 

614013 

0 

■ 

*■ 

IKH 

Adapter Krt Cargo Lift Trailer 

6 MOM 

0 




Transportation Instrumentation 

614XXX 

20.0 

1 

3 

■ 

Cperctors Checkout Console 

• CDMS Simulator 

• Ground Pwr Supply (Racks) 

612XXX 

80,0 

0 

192 

0 

Peripheral Checkout Eauiomenr 

• Analog Tcoe Recorder Unit 

• SrriD Chart, Recorder 

612XXX 

0 



0 

Coricaf Alignment Kit 

612040 

0 

- 

“ 

1 

Conrinuity Tester, Elecrrccl 

613033 

90.5 

7 

253 

1 

Ground ing/Bcnding Tester 

613039 

31.0 

7 

87 

0 

Portable Leak Detection Unit 

6I2C80A 

o 

** 

■ 

0 

Freon Leak Derector(Rcck Refric/ 
Freezer 

612XXX 

0 




Vacuum Pumoina Unit 

612XXX 

25.0 

6 

60 

I 

Rack Cooling Unit (Support C 'O) 

612XXX 

50.5 

6 

121 

1 

Gcs, Bottles, Suooly Unir 

612XXX 

50,0 

6 

120 

1 

GN-2 Service Set 

614XXX 

50.0 

6 

120 

1 

Cleaning Kit 

6121 14A i 

U.5 

7 

32 

0 

Desiccant Drying Kit/Cven 

6U022 

0 

~ 

*“ 

I 

Humcn Physiological Simulator 

— 

0 

- 

- 

1 

Frog Simulator 

— 

0 

- 

•* 

1 

Rat Simulator 

— 

0 

- 


1 

Oculcgrconic Simulator 

— 

0 

- 

■ 

1 

Mass Spec Anciog Dcta Simulator 

— 

0 

** 

** 

1 

Rat Temperature Output Simulator 

— 

0 

"* 


1 

Monkey Physiological Simulator 

— 

0 

- 

T430' 


* These ore the requirements for processing flow blocks 7, 8 end 9 as performed at 
KSC after Level IV activities at the 8 Distributed Sites . 


GSE REQUIREMENTS-LIFE SCIENCES Location Lead Ctr Option 8-1 


Quantity 

Equipment Name 

Unit Cost 

rsK) 

nvlvm't 

'ime(Davs) 

Pro rated 
Cost/FlhS) 

1 

Transport Dolly, Rack & Floor 

612002A 

33.0 

31 

409 

1 

Vertical Sling Kit, Rack & Floor 

6120C6A 

10.5 

28 

118 

0 

Horizontal Sling Kit, Rock & Floor 

612110A 

0 

- 

- 

1 

Rack & Floor Shipping Cover 

612047A 

8. C 

25 

80 

1 

.Rack & Floor Transport Platform 

6 12048 A 

24,0 

31 

298 

1 

Rack & Floor Supoort Braces Kit 

612049A 

2.5 

31 

31 

0 

Double Rock Hndlg C/O & Tnspt Kt 612050A 

9.0 

- 

- 

0 

Single Rock Hndlg C/O & Tnspt Kt 

612065A 

9.0 

- 

- 


Desiccant Canister, Med,, Dbl Rack 612068A 

9.0 

26 

562 


Desiccant Canister, Small, Sngl Rk 

612069A 

7.0 

26 

291 


Active Environ. Centro! Cart 

612071 A 

33.0 

26 

343 


Road Tiedown Kit, U.S. 

s!2!0eA 

10.5 

25 

105 

0 

Cargo Lift Trailer, Reck & Floor 

614013 

0 


- 

0 

Adcoter Kit Carco Lift Trailer 

oMOM 

0 


- 

1 

Trcnsoortcticn Instrumentation 

oMXXX 

20.0 

26 

208 

l 

Operators Checkout Console 

612XXX 

80.0 

20 

640 


• CDMS Simulator 






• Ground Pwr Suoply (Racks) 





0 

Permheral Checkout Equipment 

61 2XXX 

0 

- 

“ 


• AnaJoa Tcoe Recorder Unit 






• Strip Chart, Recorder 





0 

Caticol Alignment Kit 

612040 

0 

- 

- 

1 

Continuity Tester, Electrical 

61 3038 

90.5 

20 

724 

1 

Ground ing/Bonding Tester 

613039 

31.0 

20 

248 

0 

Portable Leak Detection Unit 

612080A 

0 

- 

~ 

0 

Freon Lec« DerectoaRcck .Refric/ 

612XXX 

0 

- 



Freezer 






Vocuum Pumoing Unit 

612XXX 

25.0 

20 

200 

1 

Rack Coohnc Unit (Support C/O) 

612XXX 

50.5 

20 

404 

\ 

Gcs, Bottles, Suooly Unit 

612XXX 

50.0 

28 

560 

\ 

GN-2 Service Set 

6 MX XX 

50,0 

20 

400 

\ 

Cleaning Kit 

6121 MA 

11.5 

25 

115 

0 

Desicccnr Drying Kit 'Oven 

6M022 

0 

- 

- 

, 1 

Human Physiological Simulator 

— 

0^ 



1 

Frog Simulator 

— 

0 



l 

Ret Simulator 

— 

0 



i 

Oculograpnic Simulator 

— 

0 



1 

Moss Spec Analog Data Simulator 

— 

0 



l 

Rat Temperature Output Simulator 

— 

0 



1 

Monkey Physiological Simulator 

— 

0 


5736 



Rockwell International 

Space Division 










SD 78-SR-0009-2 


Table 4-27. Life Sciences GSE Requirements (Sheet 12 of 16) 


Table 4-27. Life Sciences GSE Requirements (Sheet II of 16) 


'4*. 

K> 

0l> 


GSE REQUIREMENTS -LIFE SCIENCES Location Lead Ctr Cpticn B~4 



Equipment Nome 


IMffll 

Prorared 

Cost/F J t5) 

■■ 

Transport Ooi ly, Rack & Floor 

612C02A 

33.0 

40 

521 


Vertical Sling Kit, Reck 3* floor 

6 1 20C6A 

10.5 

32 

134 

0 

Horizonte! Sling Kit, Rack & Floor 

6 1 2 1 1 0 A 

0 

- 

- 

1 1 

Rack & Floor Shipping Cover 

612CW7A 

8.0 

30 

96 

l 

Rack & Fioor Transport P 1 error m 

6 12043 A 

24.0 

36 

346 

1 

.Reck & Floor Supoort 3races Kit 

6I2049A 

2.5 

, 40 

40 

0 

Double Rack Hndlg C/O & Tnsot Kt 612050A 

9.0 

- 

- 

0 

Single Rack Hndlg C/O & Tnspt Kt 

612065A 

9.0 

- 

_ 

6 

Oesiccant Canister, Med.,Dbf Rack 612C68A j 

9.0 

35 

745 

4 

Oesiccant Canister, Smell, Sngl Rk 

6 1 2C69A 

7.0 

35 

386 

1 

Active environ. Control Cart 

6 12071 A 

33.0 

35 

455 

1 

Road Tiedown Kit, U.S. 

6I2106A 

10,5 

30 

126 

0 

Cargo Lift Trailer, Rack & floor 

oUOlo 

0 

- 

- 

0 

Adapter Kit Cargo Lift Trailer 

6U0U 

0 

- 

- 

1 

Transportation Instrumentation 

6I4XXX 

20.0 

31 

248 

1 

Operators Checkout Console 

612XXX 

80.0 

29 

912 


• CDMS Simuiatcr 

• Grounc Pwr Suooly (Recks) 





0 

Peripheral Checkout Equipment 

6 1 2XXX 

0 

- 

- 


• Analog Tcpe Recorder Unit 

• Strip Chart, Recorder 





0 

Optical Alignment Kit 

612040 

0 

- 

- ! 

1 

Continuity Tester, E'ecrnccl 

o 1 oQ38 

90.5 

2? 

1032 

l i 

Grounding/ Bending Tesrer 

61303? 

31.0 

29 

354 

0 

Pcrtabie Leek Detection Un‘t 

6I2080A 

0 

- 

- 

0 

Freon Leak DetectoriRack Refrig/ 

o 1 2XXX 

0 

- 

- 


Freezer 





1 

Vacuum Pumoina Unit 

612XXX 

25.0 

29 

285 

l 

- Rack Cooling Unit (Suopcrt C/O) 

612XXX 

50.5 

29 

576 

1 

Gas, 3ottles, Supply Unit 

612XXX 

50.0 

37 

730 

1 

GN-2 Service Set 

614XXX 

50.0 

29 

570 

l 

Cleaning Kit 

6121 14A 

11.5 

34 

154 

0 

Oesiccant Drying Kit' Oven 

6)4022 

0 

- 

- 

1 

Humcn Physiological Simulator 

— 

0 



1 

Frog Simulator 

— 

0 



l 

Rat Simulator 

— 

0 



I 

Oculogrcphic Simulator 

— 

0 



1 

Mess Soec Analog Data Simulator 

— 

0 ' 



1 

Rat Temperature Output Simulator 

— 

0 



1 

Monkey Physiological Simulator 

— 

0 


J7To 


GSE R£QUfREMENTS-LlFE SCIENCES Location Lead Ctr Option 8-3 


Quantity 

Ecuioment Name 


Unir Ccsr 
(SK) 

rMffnCMl 

uBsSBI 

Prorcfea 
Cost/FI fS) 

«■ 

Transport Dolly, Rack & Floor 

6 12002 A 

33.0 

38 

495 


Vertical Sling Kit, Rack & Floor 

6120C6A 

10.5 

28 

118 

0 

Horizontal Simg Kit, Reck & Floor 

6 1 2 U C A 

0 

- 

- 

1 

Rack & Floor Shiooing Cover 

6I2C47A 

8.0 

26 

33 

1 

Rack & Floor Transport Platform 

61 2043 A 

24.0 

32 

308 

l 

Rack & Floor Supporr Braces Kit 

6I2C49A 

2.5 

38 

38 

0 

Double Rack Hndlg C/O & Tnsot Kt 612050A 

9.0 

- 

- 

0 

Single Rack Hndlg C/O & Tnsot Kt 

6 1 2 065 A 

9.0 

- 

- 

6 

Desiccant Ccnister, Med,,Dbl Rack 612068A 

9.0 

33 

702 

4 

Desiccant Ccnister, Small, Sngl Rk 

6I2C69A 

7.0 

33 

364 

1 

Active Environ. Control Cert 

612071 A 

33.0 

33 

429 

1 

Road Tiedcwn Kit, U.S. 

6121C6A 

10.5 

26 

109 

0 

Cargo Lift Trailer, Reck & Floor 

6140t3 

0 


- 

0 

Adcoter Kit Cargo Lift Trailer 

6K0I4 

0 


- 


Transportation Instrumentation 

6UXXX 

20.0 

27 

216 

1 

Operctors Cneckaut Console 

• CDMS Simulator 

• Ground Pwr Suoply (Recks) 

6I2XXX 

80.0 

26 

816 

■ 

Peripheral Checkout Equipment 

• Analog Taae Recorder Unit 

• Strio Chart, Recorder 

6I2XXX 

0 



0 

Optical Alicnmenr Kit 

612!KO 

0 

- 

- 

1 

Continuity Tester, Electrical 

613028 

90.5 

27 

959 

1 

Grounding/ Bcnaing Tester 

613039 

31.0 

27 

329 

c 

Portable Leak Detection Unit 

6 1 2080A 

0 

- 

- 

0 

freon Leak OetecrorlRcck Rerrig/ 
Freezer 

612XXX 

0 


m 

1 

Vacuum Pumping Unit 

612XXX 

25.0 

26 

255 

1 

Rack Cool Inc Unit fSuooort C/Ql 

612XXX 

50.5 

26 

515 


Gas, Bottles, Supply Unit 

612XXX 

50.0 

34 

670 


GN-2 Service Set 

6UXXX 

50.0 

26 

•510 


Cleaning Kit 

6121 14A 

11.5 

32 

145 

0 

Desiccant Drying Kit/Oven 

61 4022 

0 

- 

- 

1 

Human Physiological Simulator 

— 

0 

- 

- 

1 

Frog Simulator 


0 

- 

- 

1 

Rat Simulator 

— ’ 

0 

- 

- 

1 

Oculocraphic Simulator 

— 

0 

- 

- 

l 

Mass Spec Analog Data Simulator 

— 

0 

- 

- 

1 

Rat Temperature Output Simulator 

— 

0 

- 

- 

1 

Monkey Physiological Simulator 

— 

0 

- 

70ol 


o Q 

US 8 
g§ 
Sd jjS 




in 

s 

s 

D 


30 

o 

o 

f 


CD 

“T 

3 

0) 


E* 

O 

3 

CD 
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Table 4-27, Life Sciences GSE Requirements (Sheet 13 of 16) 


Table 4-27* Life Sciences GSE Requirements (Sheet 14 of 16) 


GSE REQU1REMENTS-L1FE SCIENCES ^ Location Lead Ctr Option 8-5 


m 

Equipment Nome 


HP 

2? 9QIQMI 

Prorarea 
Cost/ FI MS) 

1 

Transport Dolly, Rack <S» Floor 

612C02A 

33*0 

43 

568 

1 

Vertical Sling Kit, Rack & Floor 

612006A 

10.5 

35 

147 

0 

Horizontal Sling Kit, Rack & Floor 

61211 OA 

0 

- 

- 

1 

Rack & Floor Shi oping Cover 

6120A7A 

3.C 

33 

106 

1 

Rack & Floor Transport Platform 

612043A 

24*0 

39 

374 

1 

Rack & Floor Suooort Braces Kit 

6I2Q49A 

2.5 

43 

43 

0 

Oouble Rack Hndlg C/O & Tnspt Kt 612050A 

9.0 

- 

- 

0 

Single Rack Hndlg C/O & Tnspt Kt 

6 12065 A 

9.0 

- 

- 

6 

Desiccant Ccnister, Med.,Dbl Rack 612063A 

9.0 

38 

821 

4 

Desiccant Canister, Small, Sngl .Rk 

612C69A 

7.0 

38 

426 

1 

Active Environ* Control Cart 

61 2071 A 

33.0 

38 

502 

1 

Rocd Tiedown Kit, U, S. 

612106A 

10.5 

33 

139 

0 

Cargo Lift Trailer, Rack & Floor 

614013 

0 

- 

- 

0 

Adopter Kit Cargo Lift Trailer 

614014 

0 

- 

- 

1 

Transporters Instrumentation 

6UXXX 

20.0 

34 

272 

l 

Operators Checkout Console 

• CDMS Simuictcr 

• Ground Pwr Supply (Racks) 

612XXX 

8C.0 

32 

1024 

0 

Peripheral Checkout Eauiomenf 

• Analog Tace Recoraer Unit 

• Strip Chart, Recorder 

612XXX 

0 



0 

Optical Alicnment Kit 

612040 

0 

- 

- 

t 

Continuity Tester, Electrical 

6130:3 

90.5 

32 

1158 

1 

Grounding/ Bonaina Tester 

613039 

31.0 

32 

397 

0 

Portable Leak Derecrion Unit 

612080A 

0 

- 

- 

0 

Freon Leak Detector (Rack Refrig/ 
Freezer 

612XXX 

0 



1 

Vacuum Pumping Unit 

612XXX 

25.0 

32 

320 

t 

Rack Cooling Unit (Supoort C. 0) 

612XXX 

50.5 

32 

64 6 

1 

Gas, 3ottles, Supply Unit 

612XXX 

50.0 

40 

800 

1 

GN-2 Service Set 

6I4XXX 

50.0 

32 

640 

1 

Cleaning Kit 

6121 14A 

11.5 ; 

37 

170 

0 

Desicccnt Drying Kit/Cven 

o 14022 

0 

- 

- 

1 

Human Physiological Simulator 

— 

0 

- 

- 

1 

Frog Simulator 

— 

0 

- : 

- 

1 

Rot Simulator 

— 

0 

- 

- 

1 j 

Oculograpnic Simulator 

— 

0 

- 

- 

1 

Mass Spec Analog Data Simulator 

— 

0 

- 

- 

1 

Rat Temperature Output Simulator 

— 

0 

” 


1 

Monkey Physiological Simulator 

— 

0 

“ 

8553 


GSE REQUIREMENTS-LIFc SCIENCES Location KSC Option C-l 


Quantity 

Equipment Name 

Unif Ccst 
(SK) 

SG05SEH 

Prorateo 

Cost/Fit6) 

■■ 

Trcnsoort Dolly, Rack & Floor 

612002A 

33.0 

23 

304 


Vertical Siing Kit, Rack & Floor 

612006A 

10.5 

26 

109 

0 

Horizontal Slina Kit, Rack & Floor 

6 1 2 n 0 A 

0 

- 

- 

1 

Rack & Floor Snipping Cover 

6I2047A 

8.0 

17 

54 

1 

Rack & Floor Transport Platform 

612043A 

24.0 

23 

221 

1 

Rack & Floor Supaort Braces Kit 

6I2C49A 

2*5 

23 

23 

0 

Double .Rack Hndlg C/O & Tnspt Kt 612050A 

9.0 

- 

- 

0 

Single Rack Hndlg C/O & Tnspt Kt 

6 12065 A 

9.0 

- 


6 

Desiccant Canister, Med.,Dbl Rack 612C68A 

9.0 

18 

389 

4 

Desicccnr Ccnister, Small, Sngl Rk 

6 1 206 9 A 

7.0 

18 

202 

1 

Active Environ, Control Cart 

6 12071 A 

33.0 

18 

238 

l 

Road Tiedown Kit, U.S, 

6I2I06A 

10.5 . 

17 

71 

0 

Cargo Lift Trailer, Rock & Floor «. 

614013 

0 

- 

- 

mm 

Adapter Kit Cargo Lift Trailer 

614014 

0 

- 

- 


Transportation Instrumentation 

6UXXX 

20.0 

18 

144 


Operators Checkout Console 

cl 2XXX 

80.0 

18 

576 


* CDMS Simulator 






• Ground Pwr Supply (Racks) 





mm 

Pericnercl Checkout Eculoment 

612XXX 

0 

- 



• Analog Tape Recorder Unit 






• Strip Chert, Recorder 





0 

Oohcal Alrcnmenf Kit 

612040 

0 

- 

- 

i 

Continuity Tester, Electrical 

613033 

90.5 

18 

652 

j 

Ground ina/ Bending Tester 

612039 

31.0 

18 

223 

0 

D ortobie Leak Detection Unit 

612C80A 

0 

- 

- 

0 

Freon Leek Derec*ori'Rack Refrie/ 

612XXX 

0 

- 

- 


Freezer 





1 

Vacuum Pumping Unit 

612XXX 

25.0 

18 

180 

1 

Rack Cooling Unit iSuoporf C (/ 0) 

612XXX 

50.5 

18 

364 

1 

Gas, Bottles, Supoly Unit 

612XXX 

50.0 

26 

520 

1 

GN-2 Service Set 

614XXX 

50.0 

18 | 

360 


Cleaning Kit 

612114A 

11.5 

23 i 

106 

0 

Desiccant Drying Kit/Cven 

614022 

0 

| 


1 

Humcn Physiological Simulator 

— 

0 

- 

- 

1 

Frog Simulator 

— 

0 



1 

Rat Simulator 

— 

0 



1 

Oculograohic Simulator 

— 

‘0 



1 

Mass Spec Analog Data Simulator 

— 

0 



1 

Rat Temperature Output Simulator 

— 

0 



1 

Mcnkey Physiological Simulator 

— 

0 


*4736 



Rockwell International 

Space Division 
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Table 4-27. Life Sciences GSE Requirements (Sheet 1 6 of 16) 


GSE RSQUIREMENTS-LIFE SCIENCES Location KSC Option C-4 


Quantity 

Equipment Name 


Uml Cast 
fSIO 

njQ23SH| 

Prorated 
Cost/FI HS) 

1 . 

Trcnsoort Dolly, Rack & Floor 

612C02A 

33.0 

27 


1 

Vertical Sling Kit, Rock & Floor 

6120C6A 

10.5 

30 


0 

Horizontal Sling Kit, Reck 3» Floor 

612! 10A 

0 

- 

- 

l 

Reck & Floor Smooing Cover 

612C47A 

8.0 

21 

67 

l 

Reck & Floor Transport •Matform 

612CM8A 

24.0 

27 


1 

Rock & Floor Support Braces Kit 

612049A 

2.5 

27 

27 

0 

Double Reck Hndlg C/O & Tnsor Kt 

612050A 

9.0 

- 

- 

0 

Sinale Rack Hndlg C, O & Tnspr Kt 

61206SA 

9.0 

- 

- 

6 

Oesicccnt Canister, Med.,Dbl Rock 612C63A 

9.0 

22 

475 

4 

Desiccant Canister, Smalt, Sngl Rk 

612069A 

7.0 

22 

246 

1 

Active Environ. Control Cart 

6 12071 A 

33.0 

'22 

290 

1 

Road Tiedown Kit, U;S. 

6121 06 A 

10.5 

2! 

88 

0 

Ccrao Lift Trailer, Rack & Floor 

614013 

0 

- 

- 

0 

Aacpter Kit Cargo Lift Trailer 

614014 

0 

- 

- 

I 

Transportation Instrumentation 

6UXXX 

20.0 

22 

176 

1 

Coerctors Checkout Console 

• CDMS Simulator 

• Ground P/vr Supply iRacks) 

612XXX 

30.0 

22 

704 

0 

Perionerai Checkout cauioment 

• Analog Tape Recorder Unit 

• StriD Chert, Recoraer 

612XXX 

0 



0 

Coficcl Alicnmenr Kir 

612040 

0 

- 

- 

1 

Conrinuitv Tester, Electrical 

613038 

90.5 

22 

796 

1 

Grounainc, Bcncing “ester 

613039 

31.0 

22 

273 

0 

Parrcble Leak Detection Unir 

6I2080A 

0 

- 

- 

0 

Freon Leak Deteator(Rcck Ref rig/ 
Freezer 

612XXX 

0 



1 

Vacuum Pumoina Unit 

612XXX 

25.0 

22 

220 

1 

Rack Cooling Unir (Suoport C 'Ol 

612XXX 

50.5 

22 

444 

1 

Gas, Bottles, Suooly Unit 

612XXX 

50.0 

30 

600 

1 

GN-2 Service Set 

614XXX 

50.0 

22 

440 

1 

Cleaning Kit 

6121 UA 

11.5 

27 

124 

0 

1 

' 1 

1 1 
l 
1 
1 
1 

Desiccant Drving Kit 'Oven 
Human Physiological S'mulcfor 
Frag Simulator 
Rat Simulator 
Oculographic Simulator 
* Mass Spec Analog Data Simulator 
Rat Temperature Output Simulator 
Monkey Physiological Simulator 

614022 

0 

0 

0 

0 

' 0 
0 
0 
0 




Table 4-27, Life Sciences GSE Requirements (Sheet 15 of 16) 


GSE REQUIREMENTS-LIFE SCIENCES 


Locaricn KSC 



Equipment Name 


Trcnsoort Dolly, Rack & Floor 612002A 

Vertical Sling Kit, Rack & Floor 6120G6A 

Hcrizonrai Sling Kit, Reck & Floor 61211 0 A 
Rack & Floor Shiooing Cover 6I204/A 

Rack & Floor Trcnspcrf Platform 612048A 

Rack 3, Floor Support 3rcces Kit 612C49A 

Double Rack Hndlg C/O & Tnsot Kh 612050A 
Single Rack Hndlg C, O & Tnsor Kt 612065A 

Desiccant Ccnister, Med., Obi Rack 61206SA 

Desiccant Ccmster, Small, Sngl Rk 612069A 

Active environ. Control Cert 6 12071 A 

Road Tiedown Kit, U, S. 612106A 

Cargo Lift Trailer, Reck & Floor o 1 40 1 3 

Adapter Kit Cargo Lift Trailer 614Q14 

Transportation Instrumentation 6UXXX 

Operators Checkout Console 612XXX 

♦ CDMS Simulator 

♦ Ground Pwr Suoply fRccksl 

Perianeral Checkout Ecuiomenr 612XXX 

• Analog Tcoe Recorder Unit * 

* Srrio Chart, Recorder 

Cotied Alignment Kit 612040 

Continuity Tester, Electrical 613038 

Grounding/Sondina Tester 613039 

Porracle Leek Detection Unit 612C80A 

Frecn Leak Qetector*Rcck Refrig/ 612XXX 

Freezer 

Vacuum Pumoina Unit 612XXX 

Rack Cooling Unit (Supoort C 'C) 612XXX 

Gas, Bottles', Supply Un.t 612XXX 

GN-2 Service Set * 614XXX 

Clecnmg Kit 6121 14A 

Oesicccnt Drying Kit KDven 614022 

Human Physiological Simulator — 

Frog Simulator — r - 

Rat Simulator — 

Oculoarcphic Simulator ‘ — 

Moss Spec Analog Data Simulator — 

Rot Temperature Output Simulator — 

Monkey Physiological Simulator — 


Unit Cost Invlvm’t Prorated 
(5K) TimefDays) Cost/rltG) 



ORIGINAL PAGE IS Rockwell International 

OF POOR QUALITY Space Division 
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Table 4-28* ATL GSE Requirements (Sheet 1 of 6) 


Location Slte^l Option A-1 



Equ foment Name 

UnitCosr 

(SKI 

Invlvm't 

TimefDcys' 

Prorated 

Cost/FItiSl 

Ml 

Double Rack Hcndling Kit 

613050 

9.0 

. 

. 

1 

Vertical Sling Kit 

6 1 2C06A 

10.5 

23 

118 

1 

reed Thru Prot. Covers 

612008 

3.0 

23 

27 

1 

Pallet Sec. Floor Covers 

612010 

3.5 

28 

39 

1 

Pallet Segment Support 

612013 

47.0 

31 

583 

1 

Rack, Floor Shipping Cover 

612047 

8.0 

26 

83 

1 

Rack/Floor Transport Platform 

612048 

1.0 

31 

12 

1 

Rack/ Floor Support Braces 

61204? 

2.5 

31 

31 

1 

Pallet Cover 

612059 

12.5 

26 

130 

1 

Pallet Platform 

612060 

24.0 

26 

250 

1 

Oesfcccnt Ccnister Large 

612067 

11.5 

26 

120 

1 

Desicccnt Ccnister Medium 

612068 

9.0 

26 

94 

1 

Active Environment Cart 

61 2071 A 

33.0 

26 

346 

1 

Road Tiedown Kit 

612106 

10.5 

26 

109 

1 

Horizontal Sling Kit 

612110 

53.5 

27 

578 

A 

Trunnion Handling Fittings 

612113 

1.0 

27 . 

43 

1 

Refrigeration Unit 

612115 

10U 

20 

808 

1 

Rack Cooling Unit 

612XXX 

50.5 

20 

404 

1 

Cleaning Kit 

612114 

11.5 

20 

92 

1 

Desiccanr Drying Cven 

61 4002 

27.5 

20 

220 

1 

Ground in g/Sondinc Tesrer 

61303? 

31.0 

20 

248 

1 

Cable Sets end Adaprers 


- 

- 

- 

1 

Portable Leak Detector 

61 2080 

2.5 

20 

20 

t 

Freon Servicer 

612084 

25,0 

20 

200 

1 

Freon Leak Detector 

612086 

1.0 

20 

8 

1 

Optical Alignment Kir 

612040 

6.0 

20 

48 

1 

Transport Instrumentation 

6I4XXX 

20.0 

23 

184 


Operator's Console 

612XXX 

80.0 

20 

640 

0 

Optical Bench Support Cart 





0 

Inert Gas Cart 





0 

FSS Holding Jig and Cover 





0 

Broad Bend Illuminator 





0 

Antenna Support Cert 










543? 


Table 4-28. ATL GSE Requirements (Sheet 2 of 6) 


Location Site *2 Option _A-j 



Equipment Name 

tSSMl 


Prorated 

Cost/FIfiSI 

1 

Double Rack Hcndling Kit 

613050 

9.0 

17 

61 1 

0 

Vertical Sling Kit 

612006A 

10.5 

- 

_ 

0 

Feed Thru Prat, Covers 

61 2008 

3.0 

- 

- 

0 

Pallet Seg. Floor Cavers 

612010 

3.5 


_ 

0 

Pallet Segment Support 

612013 

47.0 


_ 

0 

Rack/Flaor Shipping Cover 

612047 

3.0 

- 

_ 

0 

Rack/Floor Transport Platform 

612C48 

1.0 

_ 

_ 

0 

Rack/Flaor Suoport Braces 

612049 

2.5 


_ 

0 

Pallet Cover 

6I20S9 

12.5 

- 


0 

Pellet Platform 

612060 

24.0 

_ 


mm 

Desiccant Canister Large 

612067 

11.5 

- 

- 

mu 

Desiccant Canister Medium 

612063 

9.0 

.17 

61 

M 

Active environment Cart 

6 12071 A 

33.0 

- 

- 

0 

Road Tiedown Kit 

612106 

10.5 

- 

- 

mm 

Horizontal Sling Kit 

612110 

53.5 

- 

- 

■9 

Trunnion Handling Fittings 

612113 

1.0 

- 

- 

■ft 

Refrigeration Unit 

612115 

101,1 


- 


Reck Cooling Unit 

6 1 2XXX 

50.5 

12 

242 

HI 

Cleaning Kit 

612114 

11.5 

12 

55 

0 

Desiccant Drying Oven 

61AC02 

27.5 

7 

- 

1 

Grounding/Bonding Tester 

613039 

31.0 

\2 

149 

0 

Cable Sets and Adapters 



- 

- 

1 

Portable Leak Detector 

a 12080 

2,5 

12 

* 12 

0 

Freon Servicer 

612084 

25.0 

- 

- 

0 

freon Leak Detector 

612086 

1.0 

- 

- 

0 

Cotical Alignment Kit 

612040 

6.0 

- 

- 

0 

Trcnsoorr Instrumentation 

6UXXX 

20.0 

- 

- 

0 

Operator's Console 

6i2XXX 

30.0 

- 

- 

0 

Ootical Bench Support Cart 






Inert Gas Cart 






FSS Holding Jig and Cover 






Broad Bend Illuminator 






Anrenna Suopcrt Cart 










380' 
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Table 4-28. ATL GSE Requirements (Sheet 4 of 6) 


location Site *3 Option A-1 Location Lead CtrOoticn 8-4 


Quantity 

Equipment Name 

UnitCasr 

(SKI 

fnvivm't 

Time(Dcvs' 

Prorated 

Cosr'Flt'Sl 


Quantity 

Equipment Name 

Un it Cost 
(SKI 

Invlvm’t 

TimefDavs' 

Prorated 

Cast/FH-S) 

1 

Double Rack Handling Kit 

613050 

9.0 

34 

123 


o 

Double Rack Handling Kit 

61 3050 

9.0 



1 

Vertical Sling Kit 

6 12006 A 

10.5 

31 

130 


1 

Vertical Sling Kit 

6 12006 A 

10.5 

36 

151 

1 

Feed Thru Prot. Covers 

612008 

3.0 

26 

31 


1 

Feed Thru Prot, Covers 

612008 

3.0 

31 

37 

1 

Pallet Seg. Floor Covers 

612010 

3.5 

31 

43 


2 

Pallet Seg, Floor Covers 

612010 

3.5 

36 

101 

1 

Pallet Segment Support 

612013 

47.0 

34 

639 


1 

Pallet Segment Support 

612013 

47.0 

39 

733 

0 

Rack/Floor Shipping Cover 

612047 

3.0 

- 

- 


1 

Rack/Floor Shipping Cover 

612047 

8.0 

34 

109 

0 

Rack/Floor Transport Platform 

612048 

1.0 

- 

- 


1 

Reck, 'Floor Transport Platform 

612048 

1.0 

39 

16 

. 0 

Rack/Flocr Support Brcces 

ol 2049 

2.5 

** 

- 



Rack/Floor Support Braces 

612049 

2.5 

39 

39 

I 

Pallet Cover 

612059 

12.5 

29 

145 


2 

Pallet Ccver 

612059 

12.5 

34 

170 

1 

Pallet Platform 

612060 

24.0 

29 

278 


2 

Pallet Platform 

612060 

24.0 

34 

653 

1 

Desiccant Canister Large 

c 12067 

11.5 

29 

! 34 


1 

Desicccnt Canister Large 

612067 

11.5 

34 

156 

1 

Desicccnt Canister Medium 

o 12068 

9.0 

29 

104 


1 

Desicccnt Canister Medium 

612C68 

9.0 

34 

122 

1 

Active Environment Cart 

cl 2071 A 

33.0 

29 

383 


2 

Active Environment Cart 

6 12071 A 

33.0 

34 

898 

1 

Road Tiedown Kit 

612106 

10.5 

29 

122 


1 

Road Tiedown Kit 

612106 

10.5 

34 

143 

1 

Horizontal Sling Kit 

O12110 

53.5 

31 

663 


1 

Horizontal Sling Kit 

612110 < 

53.5 

36 

770 

4 

Trunnion Hcndlina Fittings 

612113 

1.0 

31 

50 


4 

Trunnion Handling Fittings 

612113 

1.0 

36 

58 

0 

Refrigeration Unit 

612115 

101.1 

- 

- 


1 

Refricerction Unit 

612115 

101,1 

28 

1131 

1 

Rack Cooling Unit 

612XXX 

50,5 

23 

465 


1 

Rack Cooling Unit 

612XXX 

50.5 

„ 23 

566 

T 

Ciecning Kit 

6121U 

11.5 

23 

106 


1 

■ Cleaning Kit 

612114 

'll. 5 

28 ‘ 

129 

l 

Desiccant Drying Oven 

oU002 

27.5 

23 

253 


1 

Desiccant Drying Oven 

614002 

27.5 

28 

308 

l 

Grounding/Bending Tester 

*613039 

31.0 

23 

285 


1 

Ground inc/Bcnding Tester 

613039 

31.0 

28 

347 

0 

Cable Sets and Adapters 



- 

- 


0 

Caoie Sets end Adapters 



_ 

_ 

1 

Porrabie leak Detector 

612080 

2.5 

23 

23 


1 

Portable Leak Detector 

612080 

2.5 

28 

23 

0 

Freon Servicer 

61 2084 

25,0 

- 

- 


1 1 

Freon Servicer 

0 1 2084 

25,0 

28 

i 280 

0 

Freon Leak Detector 

612086 

1.0 

- 

- 


1 

Freon Leak Detector 

612086 

1.0 

28 

11 

l 

Optical Alignment Kit 

612040 

6.0 

23 

55 



Optical Alignment Kit 

612040 

6.0 

28 

67 

1 

Transport Instrumentation 

6UXXX 

20.0 

26 

208 


1 

Transport Instrumentation 

6MXXX 

20.0 

31 

248 

0 

Operator's Console 

612XXX 

80.0 

- 

- 


1 1 

Operator's Console 

612XXX 

30.0 

28 

896 

0 

Optical Bench Support Cert 






0 

Optical Bench Suopcrt Cert 





0 

Inert Gas Cart 






0 

Inert Gas Cart 





0 

FSS Holding Jig and Cover 






0 1 

FSS Holding Jig end Cover 





0 

Brood Bend Illuminator 






0 

Broad Band Illuminator 





c - 

Antenna Support Cart 






0 

Antenna Suooort Cart 

‘ 
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Table 4-28, ATI GSE Requirements (Sheet 5 of 6) 


Table 4-28, 


ATL GSE Requirements {Sheet 6 of 6) 


-N 


fo 


00 


Locoticnl-ead Ctr Option ^-5 



Equipment Nome 

WSStm 

Jnvlvm't 

TimefDavs' 

Prorated 

Cost/FitS 1 ! 

0 

Double Rack Handling Kit 

613050 

9.0 

. 


1 

Vertical Sling Kit 

6I2006A 

10.5 

36 

151 


Peed Thru Prot. Covers 

612008 

3,0 

31 

37 

2 

Pallet Seg. Floor Covers 

612010 

3.5 

36 

101 

1 

Pallet Segment Support 

612013 

47,0 

3? 

733 

1 

Rack/Floor Shipping Cover 

612047 

3.0 

34 

109 

1 

Rack/ Floor Transport Platform 

612048 

1.0 

39 

16 

f 

Rack/Floor Support Braces 

61204? 

2.5 

39 

39 

2 . 

Pallet Cover 

612059 

12.5 . 

34 

170 

2 

Pallet Platform 

612060 

24,0 

34 

653 

1 

Desiccant Canister Large 

612067 

11,5 

34 

156 

1 

Desicccnt Canisrer Medium 

612063 

9,0 

34 

122 

# 2 

Active environment Cart 

6 1 2071 A 

33,0 

34 

898 

1 

Road Tiedown Kit 

612106 

10,5 

34 

143 

1 

Horizonral Sling Kit 

612110 

53,5 

36 

770 

4 

Trunnion Handling Fittings 

612U3 

1,0 

36 

58 

1 

Refrigeration Unit 

612115 

101,1 

23 

1131 

1 

Rack Cooling Unit 

612XXX 

50,5 

23 

566 

1 

Clecning Kit 

612114 

11.5 

28 

12? 

1 

Oesiccont Drying Oven 

614002 

27.5 

28 

308 

I 

Grounding/Sending Tester 

613039 

31.0 

23 , 

347 

0 

Cable Sets and Adopters 



“ 

- 

1 

Portable Leak Detector 

612080 

2.5 

28 

28 

1 

Freon Servicer 

612084 

25.0 

23 

280 

\ 

Freon Leak Detector 

612086 

1.0 

28 

11 

1 

Optical Alignment Kit 

612040 

6.0 

28 

67 

1 

Transoort Instrumentation 

614XXX 

20.0 

31 | 

248 


Operator 1 * Console 

612XXX 

30.0 

28 

896 

D | 

Optical Bench Support Cart 





0 

Inert Gas Cart 





0 

FSS Holding Jig and Cover 





0 

Broad Sana Illuminator 



1 


0 

Antenna Supoort Cart 










816/ 


Location, KSC Option C-4 



Equipment Name 


(mraM 

uni 

llfl 

Double Rack Handling Kit 

613050 

9.0 



1 

Vertical Sling Kir 

612C06A 

10,5 

30 

126 

1 

Feed Thru ?ror. Covers 

6 I 2008 

3.0 

25 

30 

2 

Pallet Sea. -loor Covers 

612010 

3.5 

30 

42 

1 

Pallet Segment Support 

612010 

47.0 

31 

528 

1 

Rack/Floor Shipoing Cover 

612047 

3.0 

26 

83 

1 

Rack/ Floor Transoort Plctfarm 

612048 

1.0 

31 

12 

1 

Rcck/Fioor Support Braces 

612049 

2,5 

31 

31 

2 

Paller Cover 

612059 

12.5 

26 

130 

2 

Pallet Platform 

612060 

24,0 

26 

250 

1 

Desiccant Caiister "Large 

612067 

H.5 

26 

120 

1 

Desicccnt Canister Medium 

612068 

9.0 

26 

93 

2 

Active environment Carr 

6 12071 A 

33,0 

26 

343 

1 

■Rcca Tiedcwn Kir 

612106 

10.5 

26 

109 

1 

Horizontal Sling Kit 

612110 

53.5 

30 

642 

A 

Trunnion Handling Fittings 

612113 

1,0 

30 

48 

i 

l 

Refriaercticn Unir 

612115 

101,1 

24 

970 

1 

Rack Cooling Unit 

6I2XXX 

50.5 

24 

485 

1 

Cleaning Kit 

612114 

11.5 

24 

1 10 

1 

Desiccant 1 Drying Oven 

6U002 

27.5 

24 

264 

i 

Grcundtng/Bonding Tester 

613039 

31.0 

24 

298 

0 

Cable Sets and Adapters 




- 


Portable Leak Detector 

612030 

2.5 

24 

24 


F'-eon Servicer 

612084 

25.0 

24 

240 

mM 

Freon Leak Detector 

612086 

1.0 

24 

10 

■» 

Optical Alignment Kit 

612040 

6.0 

24 

58 


Transoort Instrumentation 

614XXX 

20,0 

25 

200 

ill 

Operator's Console 

612XXX 

80.0 

24 

768 

0 

Cprical Bench Support Cart 





0 

Inert Gas Cart 





0 

FSS Holding Jig and Cover 





0 ■ 

Broad Sand Illuminator 





0 

Antenna Support Cart 



, 





j 
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Since the GSE under consideration is only that GSE required to support the Level IV 
operations, those activities associated with Level Ill/ll integration through post-flight 
operations for each flight are not considered. For GSE the total involvement time con- 
sists of the total serial processing time from preparation of experiment and Spacelab equip- 
ment through the completion of the Level IV activities and the readiness of the payload to 
begin Level III- (functional block 11) plus the Level IV de -integration operations (functional 
block 16)' after the mission, 

SPACELAB FLIGHT HARDWARE REQUIREMENTS 

The Spacelab flight hardware requirements for each payload were determined by 
analyzing the total processing flow times of each option and determining the involvement 
time of each Spacelab Flight hardware end item. The determination of the Spacelab flight 
hardware requirements for each payload configuration is a constant. The real variable is 
the length of each processing flow. From the determination of total involvement time of 
the Spacelab flight hardware, a prorated cost per flight was established. The prorated cost 
per flight was defined by the following: 


Prorated Cost/Flight = 


Involvement Time (days) x Unit Cost of Equip. ($) x Quantity ' 
250 days x lOyr. life 


The Spacelab flight hardware items evaluated were each payloads requirements for: 


. Racks (Expmt) 

. Pallet Segment 
. RAU's 
. EPDB's 
. ICS's 
. Cold Plates 
. IPS 
. SIPS 


Inverters 

Freon Pumps 

Expmt Heat Exchangers 

EPSP's 

Floor Segments 


The Spacelab flight hardware proration cost estimates for the four payloads and each 
applicable option are shown in Tables 4-29 through 4-32, 

PAYLOAD COST SUMMARIES . ; 

These summaries have been developed, for each viable option of the four design ref- 
erence missions, by an accumulation of the per flight costs in each of the four resource 
categories: 

. Manpower . GSE 

. Transportation • . Spacelab Flight Hardware 


4-29 
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Table 4-29. Space Processing Flight Hardware Requirements 


Quon 

Equipment Nome 

Unit Cost 
(SK) 

Days In- 
voke mejnt 

Prorated 

V* 

1 

Processing Option A-l 

PALLET (Inc!: 1 RAU, l EPDB, 4 Cold Plates, 

l Inverter, 1 Freon Pump & Accum. , 

1 ICS, end 1 Exp. Heat Exchanger) 

S3, 724.0 

'69.5 

SI 03, 327 

5103,527 

l 

Processing Option A-2 

PALLET (Inch 1 RAU, l EPD8, 4 Cold Plates 
1 Inverter, 1 Freon Pump & Accum., 
1 ICS, end l Exp. Heat Exchanger) 

S3, 724.0 

69.5 

$103,527 

SI 03, 527 

1 

Processing Option B-1 

PALLET (Inch 1 RAU, 1 EPDB, 4 Cold Plates, 
1 Inverter, 1 Freon Pump & Accum., 

1 ICS, & 1 Exp, Heat Exchanger) 

S3, 724,0 


S 1 03 ,527 

S 103,527 

1 

Processma Option 9-2 

PALLET “inch t RAU, 1 EPDB, 4 Cold Plates, 
1 Inverter, 1 Freon Pump & Accum. , 

1 ICS, & 1 Exp. Heat Exchanger) 

S3, 724.0 

69,5 

5103,527 

S 103,527 

t 

Processing Option B-4 

PALLET (Inch 1 RAU, 1 EPD8, 4 Cold Plates, : 
1 Inverter, 1 Freon Pump & Accum., 

1 ICS, & l Exp. Heat Exchanger 

S3, 724.0 

69.5 

S103,527 

S 103,527 

1 

Processing Option C-l 

PALLET (Ind. 1 RAU, 1 EPDB, 4 Cold Plates, 
1 Inverter, 1 Freon Pump & Accum. , 

1 ICS, & 1 Evp. Heat E<changeV 

53,724,0 

61.5 

$91,610 


1 

Processing Option C-2 

PALLET finch 1 RAU, 1 EPDB, 4 Cold Plates 
1 Inverter, l Fieon Pump & Accum,, 
l ICS, & 1 Exp. Heat Exchcnger 

S3, 724.0 

61,5 

$91,610 

$91,610 

1 

Processing Option C-4 

PALLET (Inch 1 RAU, l EPDB, 4 Cold Plates 
1 Inverter, 1 Freon Pump & Accum., 
1 ICS, & 1 Exp. Heat Exchanger 

53,724,0 

al.5 

S91 , 610 

591,610 


Table 4-30. Combined Astronomy Flight Hardware Requirements (Sheet 1 of 2) 


Quan 

Equipment Nome 

Unit Cost 
(SK) 

Days In- 
volvement 
(Days) 

Prorated 

Comfit 

■ 

Processing Option A-l Fwd Mini-center 
PALLETS', Single i ea 

3,022.0 

58 

S 70,110 

H 

(Incl, 1 Freon Pump, 3 Cold Plates, 2 RAU , 

668.0 

58 

15,498 

■B 

1 EPDB, 1 ICS, & 1 Inverter) 




■ 

SMALL INSTRUMENT POINTING SUBSYS(SIPS) 

1,500 

53 

34,300 

■ 

^ Incl 1 -RAU at OAFD C&D Panei 



S 120,408 

H 

Processing Option A-l Mid Mini-center 
PALLETS, Sinale 1 ea 

3,022.0 

61 

S 73,737 


(Incl. 1 Cold Plate, 1 EPDB, & 2 ICS) 

121.0 

61 

2,952 

n 

PALLETS, Double I ea 

6,044.0 

61 

147,474 

EB 

(Incl. 1 Cold Plate, 1 RAU, 1 EPDB, 1 ICS) 

261 

61 

6,368 

H 

INSTRUMENT POINTING SUBSYS (IPS) 

10,000.0 

61 

244,000 





S474,531 

■ 

Processing Gotion A-i Aft Mini -center 


' 


n 

PALLETS, Single l eo 

3,022.0 

54 

65,275 

IB 

find. i.Cold Plate, 1 RAU, 1 EPDB, 1 ICS) 

261.0 

54 

5,638 





570,913 

H 

Processing Option A-2 Fwd Mini-center 





PALLETS, Single, 1 ea 

3,022.0 

64 

$77,363 

HB 

(Incl. 1 Freon Pump, 3 Cold Plotes, 2 RAU', 

668.0 

64 

17,101 

II 

1 EPDB, 1 ICS, & 1 Inverter) 

SMALL INSTRUMENT POINTING SUBSYS(SIPS) 

1,500.0 

64 

38,400 

■ 




S 132,864 

HI 

Processing Cation A-2 Mid Mini -center 





PALLETS, Sinale, 1 ea 

3,022.0 

78 

94,286 

IB 

(Inch 1 Cold Plate, 1 EPD8, 2 ICS) 

121.0 

73 

3,775 

H 

PALLETS, Double, 1 ea 

6,044.0 

78 

188,573 

M 

(Inch 1 Cold Plate, 1 RAU, 1 EPDB, 1 ICS) 

261.0 

73 

8,143 

o 

INSTRUMENT POINTING SUBSYS .‘IPS) 

10,000.0 

78 

312,000 

■ 




S606, 778 

H 

Processing Option A-2 Aft Mini -center 





PALLETS, Single 1 ea 

fpfpj 


85,825 

if 

finch 1 Cold Plate, 1 RAU, 1 EPDB, 1 ICS) 



7,412 

■ 


pH™ 

■■ 

$93,237 
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Life Sciences Flight Hardware Requirements (Sheet I of 


Equipment Name 


Unit Cost 
(SK> 


Days In- 
volvement 


Processing Option A-l Mini-center "1 
RACK, DOUBLE, 1 eo 
Uriel , 1 EPSP, 1 RAU, and 1 CACB) 

FLOOR SEGMENT, Triple, 1 eo 

Processing Option A-l Mim-eenter *2 ~ ! 

RACK, DOUBLE. I eaOncl. I EPSP, 1 RAU,1 ICS) 
Piocessmg Ootion A-l Mini-center *3 

RACK, SINGLE, 2 eo (Incl, 2 EPSP) 

Processing Option A-l Mini-center "4 
RACK, DOUBLE, 1 eo (Incl. 1 EPSP, 1 ICS) 
Processing Option A-) Mini-center "5 

RACK, DOUBLE, 1 eo (Incl. 1 EPS?) 

Processing Option A-l Mini-center "6 
RACK, DOUBLE, 1 ea find. I EPSP, 1 RAU) 
Processing Option A-l Mini -center * r 7 

RACK, DOUBLE, ) eo (Inch 1 EPSP, 1 ICS) 
Processing Ootion A-l Mmi-center “8 
RACK, SINGLE, 2 eo (Incl. 2 cPSP, 1 CACB, 

1 EPDB, 1 RAU) 

FLOOR SEGMENT, Triple, 1 ea 

Payload Assembly 
FLOOR SEGMENT, Double, 1 ea 

Processing Ootion A-3 Mini-center '1 
RACK, DOUBLE, 1 ea 
(Incl. 1 EPSP, 1 RAU, end 1 CACB) 

FLOOR SEGMENT, Triple, 1 eo 

Processing Option A-3 Mini -center “2 
RACK, DOUBLE, 1 eg (lncl.1 EPSP, 1RAU, ) ICS) 
Processing Ootion A-3, Mini -center '3 

RACK, SINGLE, 2 ea llncL 2 EPSP) 

Processing Option A-3 Mini -center f 4 
RACK, DOUBLE, I eo (Incl. 1 EPSP, 1 ICS) 
Processing Ootion A-3 Mini-center J 5 

RACK, DOUBLE, 1 ea Unci. I EPSP) 

Processing Option A-3 Mini -center *6 

RACK, DOUBLE,! ea (Incl. 1 EPSP, 1 RAU) 

Processing Ootion A-3 Mini-center J 7 

RACK, DOUBLE, 1 eo (Incl. 1 EPSP, 1 ICS) 

Processing Option A-3 Mini-center i 8 
RACK, SINGLE, 2 ea (Incl. 2 EPS P, 1 CACB, 

I EPDB, t RAU) 

FLOOR SEGMENT, Triple, 1 ea 
Payload Assembly 
FLOOR SEGMENT, Double, 1 eo 


434.0 1 66.7 


375.0 61.1 


358.0 59.1 


232. Q 58.9 
229.0 56.1 


372.0 60.1 


232.0 60.9 


651.0 74.9 


Prorated 
Cost/ Fit 
(S) 


SI 0,500 


500 
S66, 900 


sn,600 
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Tobte 4-31 . Life Sciences Flight* Hardware Requirement (Sheet 2 of 2) 


Quan 

Equipment Name 

Unit Cost 
(SK) 

Days in- 
volvement 

Prorated 
Cost /Fit 
($) 

1 

1 

l 

1 

Processing Option B-l 

RACKS, DOUBLE, 6 ea (Inc). 6 EPSP, 3 RAU, 

1 EPDB, and 3 ICS) 

RACKS, SINGLE,4ea(lncl 4 EPSP, 1 RAU, & i Cf 
FLOOR SEGMENT, Triple, 2 ea 
FLOOR SEGMENT, Double, 1 ea 

s 1,900,0 

CB) S62.0 

113.0 

39.0 

70.2 

70.2 

70.2 

70.2 

S53,352 

24, 205 
3,313 
1,095 
sal . 965’ 

I 

Processing Option B-3 
RACKS, DOUBLE, 6 ea (Inc! 6 EPSP, 3 RAU, 

• 1 CACB, 1 EPDB and 3 ICS) 
RACKS, SINGLE, 4 eadncl. 4 EPSP, 1 RAU & 1 O 
FLOOR SEGMENT, Triple, 2 ea 
FLOOR SEGMENT, Double, 1 ea 

1,900 

CB) 862.0 
118.0 
39.0 

77.7 

77.7 
77.7 
“7.7 

akr* wMm 

1 



73.3 

73.3 

73.3 

73.3 

55,708 

25,274 

3,460 

1,143 

$85,585 

1 

1 

1 

1 

Processma Cprion B-5 

RACKS, DOUBLE, 6 ea llncl 6 EPSP, 3 RAU, 

1 CACB, 1 EPDB, and 3 ICS) 

RACKS, SINGLE, 4eo(lncl 4 EPSP, 1 RAU & 1 CA 
FLOOR SEGMENT, Triple, 2 ea 
FLOOR SEGMENT, Double, 1 ea 

1,900 

CB) 862.0 

113.0 

39.0 

77.3 

77.3 

77.3 

77. 3 

Ef|j 

1 

1 

1 

1 

Processing Option C-l 

RACKS, DOUBLE, 6 ea Unci 6 EPSP, 3 RAU, 

1 CACB, 1 EPDB, and 3 ICS) 

RACKS, SINGLE, 4 eadncl 4 EPSP,I RAU & 1 CAC 
FLOOR SEGMENT, Triple, 2 ea 
FLOOR SEGMENT, Double, l ea 


62,2 

62.2 

62,2 

62.2 

S47, 272 

21,447 
2,936 
970 
S 72, 625 

1 

IMBB 

jSsSBlMfsl 

67.7 

07. 7 

67.7 

07. 7 

$51,452 

23,343 

3.195 

1,056 

$79,047 


■ 

65.3 

65.3 

65.3 

65.3 

S49,628 

22,515 

3,082 

1,019 

S7S^4 


Table 4-32. ATL Spacelab Flight Hardware Requirements (Sheet I of 2) 


21 

Equipment Name 


Days In- 
volvement 
(Davs) 

Prorated 

Cost/Fit 

($) 


Processing Option A-1 




n 

RACKS 5,6, & Floor 

703.0 

70 

19,684 

n 

PALLET "1 (Inc! RAU, ICS, EPDB, Cold Plates) 

3,418.0 

70 

95,704 

n 

RACK 4 (Double) 

372.0 

73 

1 0’ 862 

D 

PALLET *2 (Incl EPD8, Cold Plates) 

3, 137.0 

73 

92,389 


RACK 3 

372.0 

56 

8,333 





3226, 972 

■■ 

Processing Option A-3 




H 

RACKS 5, 6 & Floor 

703.0 

75 

21,040 

n 

PALLET M (Incl RAU, ICS, EPOS, Cold Plates) 

3,418.0 

75 

102,540 

H 

RACK 4 i Double! 

372.0 

78 

11,606 

H 

PALLET '2 (Incl EPDB, Cold Plates) 

3,137.0 

78 

98,717 

D 

RACK 3 

372.0 

61 

9,077 

■1 




S 243, 030 


Processma Option B-l 




1 

RACKS 5, 6, & Floor 

703.0 

76 

21,371 

1 

PALLET '1 (Incl RAU, ICS, EPDB, Cold Plates) 

3,418.0 

76 

103,907 

l 

RACK 4 (Double) 

372.0 

76 

11,309 

1 

PALLET *2 line! EPDB, Cold Plates) 

3, 137.0 

76 

95,365 

1 

RACK 3 

372.0 

76 

11,309 

■ 




5243,261“ 

■■ 

Processing Cprion 8-3 




D 

RACKS 5, 6, & Floor 

703.0 

80 

22,496 

o 

PALLET '1 (Incl RAU, ICS,EPDB, Cold Plotes) 

3,418,0 

80 

109,376 ’ 

m 

RACK 4 (Double) 

372.0 

30 

11,904 

Mm 

PALLET -’2 (Incl EPDB, Cold Plates) 

3, 137.0 

30 

100,384 

Bi 

°ACK 3 

372.0 

80 

11,904 

mm 




5256,064 


Piocessing Option B-4 




1 

RACKS 5,6, & Floor 

703.0 

80 

22,496 

1 

PALLET '1 (Incl RAU, ICS, EPD8, Cold Plates) 

3,418.0 

80 

109,376 

1 

RACK 4 'Double) 

372.0 

80 

11,904 

1 

PALLET '2 (Incl EPDB, Cold Plates) 

3,137.0 

80 

100,384 

1 

RACK 3 

372.0 

30 

lU 11,904 





$256,064 
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Table 4-32. ATL Spaceiab Flight Hardware Requirements (Sheet 2 of 2) 


B 

- Equipment Name 

Unit Cn$f 

Days In- 

Prorated 

($K) 

volvement 

(Davs) 

Cost/Fit 

m 

n 

Processing Option C-l 

703.0 

68 , 

21,371 

H 

RACKS 5, 6, & Floor 

703.0 

68 

$ 21,371 

■I 

PALLET #1 (Incl RAU, ICS, EPDB, Cold Plates) 

3,418.0 

68 

mmm 

mm 

RACK 4 (Double) 

372.0 

68 v 

10,108 

H 

PALLET #2 (Incl EPDB, Cold Plates) 

3,137.0 

68 

85,236 

■ 

RACK 3 

372 

68 

10, .108 
$218,388 

1 

Processing C-3 





RACKS 5, 6 & Floor 

703.0 

72 

22,496 

a 

PALLET # 1 (Incl RAU, ICS, EPDB, Cold Plates) 

3,418.0 

72 

109,376 


• RACK 4 (Double) 

372.0 

72 

10,714 

■B 

PALLET # 2 (Incl EPDB, Cold Plates) 

3,137.0 

72 

• 90,346 

■ 

RACK 3 

372.0 

72 

10,714 

$231,235 

mm 

Processing C-4 


i 


1 1 

RACKS 5. 6 & Floor 

PALLET H (Incl RAU, ICS, EPDB, Cold Plates) 

703.0 

72 

22,496 

IB 

3,418.0 

72 

109,376 

n 

RACK 4 (Double) 

372.0 

72 

10,714 


PALLET # 2 (hcl EPDB, Cold Plates) 

3,137.0 

72 

90,346 

■ 

RACK 3 

372.0 

72 

10,714 

$231,235 


— 
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It should be noted that these following costs are prorated per flight costs and are rep- 
resentative of the major groundrules and guidelines established in the previous sections of 
this volume. They are intended to provide a reference for the comparison of the 12 major 
processing options being analyzed as a part of this study. The programmatic cost summaries 
of these four payloads is discussed in detail in Volume III Optimizations and Programmatics. 

Space Processing Ground Processing Cost Summary 

The ground processing costs (per mission)for the Space Processing payload (not includ- 
ing KSC operational costs) from the initiation of Level IV processing through post-flight 
deintegration are summarized in Table 4-33, as "Total Costs Per Flight". 

The manpower difference, although slight, reflects the host center support variations. 
This in turn is also reflected in TDY estimates. Transport and hardware proration estimates 
for the distributed (A-X) and centralized (B-X) options are identical because only one 
pallet segment is involved. The involvement time for the KSC (C-X) options are less be- 
cause of shorter transportation times. Thus, prorated hardware costs are also correspondingly 
less. 


Table 4-33. Space Processing Ground Processing Costs 

(Costs in $K) 


Option 

Cost Category 

Total 
Costs 
Per F 1 iaht 

M/P 

TDY 

XPort 

GSE 

Fit Hdwe 

A1 

119 

21 

15 

6 

104 

265 

A2 

123 

21 

15 

6 

104 

269 

B1 

124 

28 

15 

6 

104 

277 

B2 

128 

28 

15 

6 

104 

281 

B4 

128 

28 

15 

6 

104 

281 

Cl 

130 

43 

4 

, 4 

92 

273 

C2 

134 

44 

4 

4 

92 

277 

C4 

134 

44 

4 

4 

92 

277 
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Combined Astronomy Ground Processing Cost Summary 


The ground processing costs for the Combined Astronomy payload {not including KSC 
operational costs) from initiation of level IV integration through post flight deintegration 
are summarized in Table 4-34 as "Total Costs Per Flight". The cost differences between 
concepts and between options is relatively minor. Manpower estimates between compar- 
able options are essentially the same as the variation is due almost entirely to variations 
in host center support. The differences between the dash options (e.g. A->1, B-l , C-l) 
and the other options is because of the lack of pre Ill/ll combined payload^checkout. 
Note that variations in TDY and transportation costs between comparable options of the 
concepts tend to off-set each other. 

Pro-rated hardware costs are proportional to the involvement times. Prorated GSE 
costs do not appear to be a significant recurring cost factor. Variations between the dis- 
tributed site (A-X) options and the other options reflect the requirement for multiple GSE 
end items to support distributed site activities. The primary cost factor is obviously the 
flight hardware proration. Differences between comparable options and concepts are 
primarily due to the trcnsportation time differences. 


Table 4-34. Combined Astronomy Ground Processing Cost Summary 

(Costs in $K) 


Option ' 

Cost Category 

Total 
Costs 
Per Flight 

M/P 

TDY 


GSE 

Fit Hdwr 

A-l 

167 

20 

42 

14 

666 

909 

A -2 

207 

32 

45 

16 

833 

1133 

B-I 

174 

26 

22 

8 

679 

909 

B-2 

201 

35 

22 

12 

869 

1139 

B-4 

170 

37 

22 

10 

702 

941 

C-l 


62 

3 * 

5 

MM 

mg 

C-2 

213 ' 

67 

3 

9 

780 

1072 

C-4 

176 

60 

3 ! 

7 

613 

859 
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Life Science Ground Processing Cost Summary 

The compilation of similar ground processing costs (illustrated in Table 4-35) for the 
Life Science payload indicates that manpower costs for the multiple (8" mini-centers) 
distributed site approach will be higher than if individual experiments were integrated 
at a centralized site. Improved efficiency in hands-on activities can be achieved at a 
centralized site for rack/floor mounted equipment. Additional efficiency improvement can 
be achieved if a combined payload integration approach (B-4, B-5, C-4) is used. The 
inverse relationship of TDY and transportation costs is again evident. 

GSE prorated costs are relatively low. Multiple GSE equipment requirements are 
reflected in the A-X options. Flight hardware prorations again reflect variations in 
involvement times. 


Table 4-35. Life Science Ground Processing Costs 

(Costs in $K) 


Option 

Cost Category 

Total 
Costs 
Per FI ight 

M/P 

TDY 

Xport 

GSE 

Fit Hdwr 

A-l 

193 

22 

70 

17 

67 

369 

A-3 

212 

31 

70 

19 

74 

406 

B-l 

163 

34 

17 

6 

82 

302 

B-3 

178 

36' 

17 

7 

91 

329 

B-4 

158 

35 

17 

8 

86 

304 

B-5 

169 

33 

17 

9 

90 

318 

C-l 

169 

53 

3 

5 

73 

303 

C-3 

187 

57 

3 

6 

79 

332 

C-4 

168 

56 

3 

6 

76 

309 
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ATL Ground Processing Cost Summary 

The' Advanced Technolog/ Laboratory payload cost compilation (shown In Table 4-36) 
indicates characteristics very similar to the Life Science payload compilation. Efficiencies 
can be achieved by centralizing integration activities / and further improved by integrating 
at >the combined payload level, which for example requires only one GSE connection/dis- 
connection versus multiple connections with individual experiment verifications. TDY, trans- 
portation, and hardware proration characteristics also parallel the Life Science payload 
characteristics. 

Table 4-36. ATL Ground Processing Costs 


Option 

Cost Category 

Total 
Costs 
Per Flight 

M/P 

TDY 

• Xport 

GSE 

Fit Hdwe 

A-l 

194 

31 

34 

10 

227 

496 

A-3 

224 

41 

34 

10 

243 

552 

B-l 

200 

39 

14 

7 

243 

503 

B-3 

209 

40 

14 

8 

256 

527 

B-4 

202 

49 

14 

8 

256 

529 

B-5 

212 

50 

14 

8 

268 

552 

C-l 

206 

58 

3 

5 

218 

490 

C-3 

223 

60 

3 

6 

231 

523 

C-4 

209 

76 

3 

6 

231 

525 


Flight Hardware Involvement Time Summary 

The summary of flight hardware involvement times (working days) reflects the dif- 
ferences in transportation times between KSC options and distributed site/lead center 
options, additional serial processing time for pre-Level Ill/ll combined payload check- 
out, and the differences in efficiencies between individual experiment integration and 
combined payload integration. See Table 4-37. The involvement time (working days) 
span between options that include the same level of checkout (Level lll/ll checkout 
versus pre-Level Ill/ll checkout) are all less than two weeks. The pre-Level Ill/ll 
checkout adds about two additional weeks to the flows. 
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Table 4-37. Flight Hardware Involvement Time Summary (Working Days) 





Space Division 














































APPENDIX 


APPENDIX 




Rockwell International 

Space Division 


ACRONYMS AND ABBREVIATIONS LIST * 




A 

Angstrom 

EGRET 

Explore Gamma Ray Experiment Telescope 

AAM 

Ambient Air Monitor 

El 

End Item 

AC 

Alternate Current 

EKG 

E 1 ectroCardiogram 

ACCEL 

Accel e rat ion 

EL 

Electro! ite 

AFD 

Aft Flight Deck 

EMI 

Electromagnetic Interference 

AMP 

Amplifier 

EOG 

Oculographic 

ANAL 

Analysis 

EPDB 

Experiment Power Distribution Box 

ARC 

Ames Research Center 

EPSP 

Experiment Power Switching Panel 

ASSY 

Assembly 

ES 

Electrical/Environment System 

ATL 

Advanced Technology Laboratory 

EXP 

Experiment 

ATT 

Attitude 

EXPMT 

Experiment 

AVG 

Average 





FACL 

Facility 

B/L 

Baseline 

Fill 

Filter 

BLKHD 

Bulkhead 

FLT 

Flight 

BRKT 

Bracket 

FOV 

Field of View 

BSHF 

Bio Science Holding Facility 

FSS 

Flight Support System 

BUP 

Buildup 

FSS 

Forward Support Structure 



FT 

Foot, Feet 

C 

Centigrade 

FUNCT 

Function 

CA 

Combined Astronomy 

FURN 

Furnish 

CACB 

Center Aisle Connector Bracket 

FWD 

Forward 

CB 

Canister Bracket 

FZR 

Freezer 

CCTV 

Closed Circuit Television 



C/D 

Controls/Displays 

9 

Gravity 

CDMS 

Command and Data Management System 

GE 

General Electric 

eg 

Center of Gravity 

GN2 

Gaseous Nitrogen 

CITE 

Cargo Interface Test Equipment 

GPR 

Ground Processing Requirements 

CM 

Centimeter 

GSE 

Ground Support Equipment 

CMD 

Command 

GSR 

Ground Support Requirements 

C/O 

Checkout 



CNTR 

Control 



COAX 

Coaxial 



CONN 

Connector 

HDWE 

Hardware 

CORE 

Common Operational Research Equipment 

HDRM 

High Data Rate Multiplexer 

CPU 

Control Processing Unit 

HE 

Heat Exchanger 

CRT 

v Cathode Ray Tube 

He 

Helium 

CRYO 

Cryogenics 

HF 

Holding Facility 

CS 

Common d/Con trol System 

Hr 

Hour 

CTRL 

Control 

HV 

High Voltage 

cm 

Caution and Warning 

Hz 

Hertz 

Dbl 

Double 

ICRS 

infercomm Remote Station 

DC 

Direct Current 

IMU 

Inertial Measurement Unit 

DDU 

Data Display Unit 

In 

Inch 

DED 

Dedicated 

IND 

Independent 

DEMOD 

Demodulator 

INT 

Integrated 

DEP 

Dependent 

INVERT 

Inverter 

DFP 

Dedicated Freon Pump 

INSTAL 

Installation 

DIA 

Diameter 

INV/V 

Involvement 

DIFFER 

Differential 

IR 

Infrared 

DIST 

Distribution 

IRU 

Inertial Reference Unit 

DWG 

Draw ing 

I/O 

Input/Output 

DYN 

Dynamics 

IPS 

Instrument Pointing System 



1/s 

interconnect Station 

E 

Engineer 

IVT 

Intraventricular 

ECG 

Electrocardiogram 



ECS 

Environment Control System 

JC 

Jettison Cable 

EDP 

Experiment Definition Package 

JSC 

Johnson Spaceflight Center 
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K 

Kelvin 

SC 

Kg- 

Kilogram* ' 

SCINT 

KSC 

Kennedy Spaceflight Center 

SEG 



SHe 

LBNP 

Lower Body Negative Pressure 

S1G 

LG 

Large 

SIPS 

LGHE 

Liqui^/Gas Heat Exchanger 

SI RTF 

LHe 

Liquid Helium 

SA 

LN2 

Liquid Nitrogen 

SP 

L/S 

Life Science 

SPAR 



SPECT 

m 

Meter 

SSUS 

MEAS 

Measure 

ST8D 

MECH 

Mechanism, Mechanical 

STS 

MEGRD 

Medium Energy Gamma Ray Defecror 

SUB 

MET 

Metered 

SURV 

Mev 

Million Electron Volts 


MIC 

Multiple Instrument Compartment 

T 

MISC 

Miscellaneous 

TDY 

mm 

Milimefer 

TELE 

MOD 

Module 

TLM 

M/P, MP 

Manpower 

TRANS 

MPF 

Multipurpose Furnace 


MS 

Mass Spectrometer 

UV 

MSS 

Mission Specialist Station 


MTRS 

Meters 

VERIF 

OAF 

Orbiter Aft Flight 

VAC 

VDC 

O&C 

Operations and Checkout 


OEM 

Orbital Environment Monitor 

XMTR 

OFLA 

Off-line Assembly 

XPORT 

ON LA 

On-line Assembly 


OPF 

Orbiter Processing Facility 


OPS 

Operations 


OSC 

Osciloscope 


OSCILL 

Oscilloscope 


PC 

Power Cable 


PDB 

Power Distribution Box 


PI 

Principal Investigator 


P/L ' 

Payload 


PMT 

Photomultiplier Tube 


PNL 

Panel 


POS 

Position 


PSS 

Payload Special Station 


PWR 

Power 


RAD 

Radius 


RAU 

Remote Acquisition Unit 


RBC 

Red Blood Cell 


RCS 

Reaction Control System 


RCVR 

Receiver 


REC 

Recorder 


Red 

Reduction 


RESPIR 

Respiration 


r.f. 

Radio Frequency 


R.O. 

Read Out 



A-2 


Signal Cable 

Scintilator 

Segment 

Super Critical Helium 
Signal 

Small Instrument Pointing System 
Shuttle Infrared Telescope Facility 
Spacelab 
Space Processing 

Space Processing Application Rocket 
Spectrometer 

Solid Spinning Upper Stage 
Starboard 

Space Transportation System 

Substitute 

Survey 

Technician 
Temporary Duty 
Telescope 
Telemetry 
Transportation 

Ultraviolet 

Verify, Verification 
Voltage Alternating Current 
Voltage Direct Current 

Transmitter 

Transport 
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